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Foreword 


THE  rapid  advances  made  in  recent  years  in  the  field  of 
Mechanical  Engineering,  as  seen  in  the  evolution  of 
improved  types  of  machinery,  new  mechanical  processes 
and  methods,  and  even  new  materials  of  workmanship,  have 
created  a  distinct  necessity  for  an  authoritative  work  of  general 
reference  embodying  the  accumulated  results  of  modern  ex- 
perience and  the  latest  approved  practice.  The  Cyclopedia  of 
Mechanical  Engineering  is  designed  to  fill  this  acknowledged 
need. 

C  The  aim  of  the  publishers  has  been  to  create  a  work  which, 
while  adequate  to  meet  all  demands  of  the  technically  trained 
expert,  will  appeal  equally  to  the  self-taught  practical  man, 
who,  as  a  result  of  the  unavoidable  conditions  of  his  environ- 
ment, may  be  denied  the  advantages  of  training  at  a  resident 
technical  school.  The  Cyclopedia  not  only  covers  the  funda- 
mentals that  underlie  all  mechanical  engineering,  but  places  the 
reader  in  direct  contact  with  the  experience  of  teachers  fresh 
from  practical  work,  thus  putting  him  abreast  of  the  latest 
progress  and  furnishing  him  that  adjustment  to  advanced  modern 
needs  and  conditions  which  is  a  necessity  even  to  the  technical 
graduate. 

C  The  Cyclopedia  of  Mechanical  Engineering  is  based  upon  the 
method  which  the  American  School  of  Correspondence  has  de- 
veloped and  successfully  used  for  many  years  in  teaching  the 
principles  and  practice  of  engineering  in  its  different  branches. 
It  is  a  compilation  of  representative  Instruction  Books  of  the 


School,  and  forms  a  simple,  practical,  concise,  and  convenient 
reference  work  for  the  shop,  the  library,  the  school,  and  the  home. 

CThe  success  which  the  American  School  of  Correspondence 
has  attained  as  a  factor  in  the  m.achinery  of  modern  technical 
and  scientific  education,  is  in  itself  the  best  possible  guarantee 
for  the  present  work.  Therefore,  while  these  volumes  are  a 
marked  innovation  in  technical  literature— representing,  as  they 
do,  the  best  ideas  and  methods  of  a  large  number  of  different 
authors,  each  an  acknowledged  authority  in  his  work— they  are 
by  no  means  an  experiment,  but  are  in  fact  based  on  what  has 
proved  itself  to  be  the  most  successful  method  yet  devised  for 
the  education  of  the  busy  workingman.  They  have  been  pre- 
pared only  after  the  most  careful  study  of  modern  needs  as 
developed  under  the  conditions  of  actual  practice  in  the  Machine 
Shop,  the  Engine  Room,  the  Drafting  Room,  the  Factory,  etc. 
The  formulas  of  the  higher  mathematics  have  been  avoided  as 
far  as  possible,  and  every  care  exercised  to  elucidate  the  text 
by  abundant  and  apiiropriate  illustrations. 

C  Numerous  examples  for  practice  are  inserted  at  intervals ; 
these,  with  the  test  questions,  help  the  reader  to  fix  in  mind 
the  essential  points,  thus  combining  the  advantages  of  a  text- 
book with  those  of  a  reference  work. 

C  Grateful  acknowledgment  is  due  the  corps  of  editors  and 
authors— engineers  and  designers  of  wide  practical  experience, 
and  teachers  of  well-recognized  ability— without  whose  co-oper- 
ation this  work  would  have  been  impossible. 
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MECHANICAL  DRAWING 

PART    I 


The  subject  of  meclianical  drawing  is  of  great  interest  and 
importance  to  all  mechanics  and  engineers.  Drawing  is  the 
method  used  to  show  graphically  the  small  details  of  machiner}-; 
it  is  the  language  by  which  the  designer  speaks  to  the  workman; 
it  is  the  most  graphical  way  to  place  ideas  and  calculations  on 
record.  Working  drawings  take  the  place  of  lengthy  explana- 
tions, either  written  or  verbal.  A  brief  inspection  of  an  accurate, 
well-executed  drawing  gives  a  better  idea  of  a  machine  than  a 
large  amount  of  verbal  description.  The  better  and  more  clearly 
a  drawing  is  made,  the  more  intelligently  the  workman  can  com- 
prehend the  ideas  of  the  designer.  A  thorough  training  in  this 
important  subject  is  necessary  to  the  success  of  ever}'6ne  engaged 
in  mechanical  work.  The  success  of  a  draftsman  depends  to  some 
extent  upon  the  quality  of  his  instruments  and  materials.  Begin- 
ners frequently  purchase  a  cheap  grade  of  instruments.  After 
thev  have  become  expert  and  have  learned  to  take  care  of  their 
instruments  they  discard  them  for  those  of  better  construction  and 
finish.  This  plan  has  its  advantages,  but  to  do  the  best  work, 
strong,  well-made  antl  finely  finished  instruments  are  necessary. 

INSTRUMENTS  AND  MATERIALS. 
Drawing  Paper.  In  selecting  drawing  paper,  the  first  thing 
to  be  considered  is  the  kind  of  paper  most  suitable  for  the  pro- 
posed work.  For  shop  drawings,  a  manilla  paper  is  frequently 
used,  on  account  of  its  toughness  and  strength,  because  the  draw- 
ing is  likely  to  be  subjected  to  considerable  hard  usage.  If  a 
finished  drawing  is  to  be  made,  the  best  white  drawing  paper 
should  be  obtained,  so  that  the  drawing  will  not  fade  or  become 
discolored  with  age.  A  good  drawing  paper  should  be  strong, 
have  uniform  thickness  and  surface,  should  stretch  evenly,  and 
should  neither  repel  nor  absorb  liquids.  It  should  also  allow  con- 
siderable erasing  without  spoiling  the  surface,  and  it  should  lie 
smooth  when  stretched  or  when  ink  or  colors  are  used.     It  is,  of 
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rourse,  impossible  to  find  all  of  these  qualities  in  any  one  paper, 
as  for  instance  great  strength  cannot  he  combined  with  fine 
surface. 

In  selecting  a  drawing  paper  the  kind  should  be  chosen 
which  combines  the  greatest  number  of  these  qualities  for  the 
given  work.  f)f  the  better  class  AVhatman's  are  considered  by 
far  the  best.  This  paper  is  made  in  three  grades;  the  hot 
frcsned  has  a  smooth  surface  and  is  especially  adapted  for  pencil 
and  veiy  fine  line  drawing,  the  cold  pressed  is  rougher  than 
the  hot  pressed,  has  a  finely  grained  surface  and  is  more  suit- 
able for  water  color  drawing;  the  rough  is  used  for  tinting.  The 
cold  pressed  does  not  take  ink  as  well  as  the  hot  pressed,  but 
erasures  do  not  show  as  much  on  it,  and  it  is  better  for  general 
work.  There  is  but  little  difference  in  the  two  sides  of  A\Tiatman's 
paper,  and  either  can  be  used.  This  paper  comes  in  sheets  of 
standard  sizes  as  follows: — 


Cap, 

13  X  17  inches. 

Elephant, 

23  X  28  inches. 

I>emy, 

1.5  X  20      " 

Columbia, 

23  X  34      " 

Medium, 

17  X  22      " 

Atlas. 

26  X  34      " 

Koyal, 

19  X  24      " 

Double  Elephant, 

27  X  40      " 

Supor-Royal, 

19  X  27      " 

Antiquarian, 

31  X  .53      " 

Imperial, 

22  X  30      " 

Emperor, 

48  X  68      " 

The  usual  method  of  fastening  paper  to  a  drawing  board  is  by 
means  of  thumb  tacks  or  small  onennmce  copper  or  iron  tacks. 
In  fastening  the  paper  by  this  method  first  fasten  the  upper  left 
hand  corner  and  then  the  lower  right  pulling  the  paper  taut.  The 
other  two  comers  are  then  fastened,  anrl  sufficient  number  of  tacks 
are  placed  along  the  edges  to  make  the  paper  lie  smoothly.  For 
verj'  fine  work  the  paper  is  usually  stretched  and  glued  to  the 
board.  To  do  this  the  edges  of  the  paper  are  first  tumetl  up  ail 
the  way  round,  the  margin  being  at  least  one  inch.  The  whole 
surface  of  the  paper  included  between  these  turned  up  edges  is 
then  moistened  by  means  of  a  sponge  or  soft  cloth  and  paste  or 
glue  is  spread  on  the  turned  up.  edges.  After  removing  all  the 
surplus  water  on  the  paper,  the  edges  are  pressed  down  on  the 
board,  commencing  at  one  corner.  During  this  process  of  laying 
down  the  edges,  the  paper  should  be  stretched  slightly  by  pidling 
the  edges  towards  the  edges  of  the  drawing  board.  The  drawing 
board  is  then  placed  horizontally  and  left  to  drj'.  Mtev  the  paper 
has  become  dry  it  will  be  found  to  be  as  smooth  and  tight  as  a 
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drum  head.     If,  in  stretching,  the  paper  is  stretched  too  much  it 
is  likely  to  spHt  in  drying.     A  slight  stretch  i.s  sufficient. 

Drawing  Board.  The  size  of  the  drawing  board  depends 
upon  the  size  of  pajier.  Many  draftsmen,  how^ever,  have  several 
boards  of  various  sizes,  as  they  are  very  convenient.  The  draw- 
ing board  is  usually  made  of  soft  pine,  which  should  be  well  sea- 
soned anil  straight  grained.  The  grain  should  run  lengthwise  of 
the  board,  and  at  the  two  ends  there  should  be  pieces  about  1|  or 
2  inches  wide  fastened  to  the  board  by  nails  or  screws.  These 
end  pieces  shoidd  be  perfectly  straight  for  accuracy  in  using  the 
T-scjuarc.     Frequently    the    end    pieces    are    fastened    Iw    a   glued 


DRAWIXG  BOARD 

matched  joint,  nails  and  screws  being  also  used.  Two  cleats  on 
the  bottom  extending  the  whole  width  of  the  board,  will  reduce 
the  tendency  to  warp,  and  make  the  board  easier  to  move  as  they 
raise  it  from  the  table. 

Thumb  Tacks.  Thumb  tacks  are  used  for  fastening  the 
paper  to  the  drawing  board.  They  are  usually  made  of  steel 
either  pressed  into  shape,  as  in  the  cheaper  grades,  or  made  with  a 
head  of  German  silver  with  the  point  screwed  and  riveted  to  it. 
The}-  are  made  in  various  sizes  and  are  very  convenient  as  they 
can  be  easily  removed  from  the  board.     For  most  work  however. 
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draftsmen  use  small  one-ounce  copper  or  iron  tacks,  as  they  can  he 
forced  flush  with  the  drawing  j)aper,  tinis  offering  no  obstructicin 
to  the  T-scpiare.  They  also  possess  the  advantage  of  clieapm  ;. 
Pencils.  In  pencilling  a  drawing  the  lines  should  be  v(  iv 
fine  and  light.  To  obtain  these  light  lines  a  hard  lead  pencil  must 
be  used.  Lead  pencils  are  graded  according  to  their  hardness, 
and  are  numbered  by  using  the  letter  H.  In  general  a  lead  pencil 
of  .'lit  (or  IIHIIIIH)  or  OH  should  be  used.  A  softer  pencil,  4H, 
is  better  for  making  letters,  figures  and 
points.  A  hard  lead  pencil  should  '  n 
.sharpened  as  shown  in  Fig.  1.  The  wn  1 
is  cut  away  so  that  about  }  or  ^  im  !i 
of  lead  projects.  The  lead  can  then  K' 
sharpened  to  a  chisel  edge  by  rubbing  it 
against  a  bit  of  sand  paper  or  a  fine  filr. 
It  shoulil  be  ground  to  a  cliLsel  edge  and 
the  corners  slightly  rounded.  In  making 
the  straight  lines  the  chisel  edge  should,' 
be  used  by  placing  it  against  the  T-square 
or  triangle,  and  because  of  the  chisel  ed«;i' 
the  lead  will  remain  sharp  much  longer  than  if  sharpened  to  a  point. 
This  chisel  edge  enables  the  draftsman  to  draw  a  fine  line  exactly 
through  a  given  point.  If  the  drawing  is  not  to  be  inked,  but  is 
made  for  tracing  or  for  rough  usage  in  tlie  shop,  a  softer  pencil, 
3H  or  4H,  may  be  used,  as  the  lines  will  then  be  somewhat  thicker 
and  heavier.  The  lead  for  compasses  may  also  be  sharpened  to  a 
point  although  some  draftsmen  prefer  to  use  a  chisel  edge  in  the 
compasses  as  well  as  for  the  pencil. 

In  using  a  very  hard  lead  pencil,  the  chisel  edge  will  make  a 
deej)  depression  in  the  paper  if  much  pressure  is  put  on  the  pencil. 
As  this  depression  caiuiot  be  erased  it  is  much  better  to  press 
lightly  on  the  pencil. 

Erasers.  In  making  drawings,  but  little  erasing  should  be 
necessary.  However,  in  case  this  is  necessary,  a  soft  rubber 
should  be  used.  In  erasing  a  line  or  letter,  great  care  must  be 
exercised  or  the  surrounding  work  will  also  become  erased.  To 
prevent  this,  some  draftsmen  cut  a  slit  about  3  inches  long  and- 
J  to  J  inch  wide  in  a  card  as  shown  in  Fig.  2.     The  card  is  then 
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placwl  over  the  work  and  the  line  erased  witlioiit  erasing  the  rest 
of  the  drawing.  An  erasing  shield  of  a  form  similar  to  that  shown 
in  Fig.  3  is  very  eonvenient,  es]ieeially  in  erasing  letters.  It  is 
made  of  thin  sheet  metal  and  is  clean  and  durable. 

For  cleaning  drawings,  a  sponge  rubber  may  be  used.     Bread 
crumbs   are   also   used   for  this   purpose.       To  clean   the  drawing 


scatter  dry  bread   crumbs  over  it  and   rub   them  on   the   surface 
with  the  hand. 

T-Square.    The    T-square    consists    of    a    thin    straight    edge 
called  the  blade,  fastened  to  a  head  at  right  angles  to  it.     It  gets 


Fig.  4. 

its  name  from  the  general  shape.  T-squares  are  made  of  various 
materials,  wood  being  the  most  commonly  used.  Fig.  4  shows  an 
ordinary  form  of  "^i'-square  which  is  adapted  to  most  work.  In 
Fig.  5  is  shown  a  T-square  wth  edges  made  of  ebony  or  mahogany, 
as  these  woods  are  much  harder  than  pear  wood  or  maple,  which 
is  generally  used.  The  head  is  formed  so  as  to  fit  against  the  left- 
hand  edge  of  the  drawing  board,  while  the  blade  extends  over  the 
surface.  It  is  desirable  to  have  the  blade  of  the  T-square  form  a 
right  angle  with  the  head,  so  that  the  lines  drawn  with  the  T- 
square  vill  be  at  right  angles  to  the  left-hand  edge  of  the  board. 
This,  however,  is  not  absolutely  necessary,  because  the  lines  drawn 
with  the  T-square  are  always  with  reference  to  one    edge  of  the 
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hoaiil  only,  and  if  this  edge  of  the  board   is  straight,  the   lines 
drawn  with  tlie  T-square  will  he  parallel  to  each  other.     The  T- 
s(liiare  should  never  be  used  except  -with  the  left-hand  edge  of  ih^' 
Ijoard,  as  it  is  almost  impossible  to  find  a  drawing  broad  with  tl 
edges  parallel  or  at  right  angles  to  each  other. 

The  T-square  with  an  adjustable  head  is  frequently  very  cm 
venient,  as  it  is  sometimes  necessary  to  draw  lines  parallel  to  em  i 


FiR.  5. 

othi-r  which  are  not  at  light  angles  to  the  left-hand  edge  of  Ir 
board.     This  form  of  T-square  is  similar  to  the  ordinary  T-squ;'. 
alreivdy   described,  but  the    head  is    swiveled  so  that  it  ma}' 
clamped  at  any  desired  angle.     Tlip  ordinary  T-sqnare  as  sh(l^^ 

in  Figs.  4  and  5  is,  ho\ 
ever,  adapted  to  almii 
any  cla.ss  of  drawing. 

Fig.    6     shows     t 
method  of  drawing  parall 
liorizontal    lines    with  ti 
T-square.      With  the  hij 
of  the  T-square  in  conta 
with  the  left-hand  edge  - 
the  board,  the  lines  may  i 
drawn  by  moving  the  T-square  Id  liiu  desired  position.    In  using  tl 
■T-square  the  upper  edge  should  always  be  used  for  drawing  as  tl 
two  edges  may  not  be  exactly  parallel  and  straight,  and  also  il 
more  convenient  to  use  this  edge  with  the  triangles.     If  it  is  nei  • 
sarj'  to  use  a  straight  edge  for  trimming  drawings  or  cutting  tlic 
paper  from  the  board,  the  lower  edge  of  the  T-square  should  le- 
ased so  that  the  upper  edge  may  not  be  marred. 

For  accurate  work  it  is  absolutely  necessary  that  the  work  i  i  „ 
eilge  of  the    T-square   should  be  exactly   straight.     To  test  the 
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straightiiess  of  the  edge  of  the  T-square,  two  T-squares  may  be 
phicetl  together  as  shown  in  Fig.  7.  This  figure  shows  plainly 
that  the  edge  of  one  of  tlie  T-squares  is  crooked.  This  fact,  how- 
ever, does  not  prove  that  either  one  is  straight,  and  for  this  deter- 
mination a  third  blade  must  be 
used  and  tried  with  the  two 
given  T-squares  successively. 

Triangles.  Triangles  are 
made  of  various  substances  such 
as  wood,  rubber,  celluloid  and 
steel.       Wooden     triangles    are 

cheap  but  are  likely  to  warp  and  get  out  of  shape.  The  rubber  tri- 
angles are  frequently  used,  and  are  in  general  satisfactory.  The 
transparent  celluloid  triangle  is,  however,  extensively  used  on  ac- 
count of  its  transparency,  which  enables  the  draftsmen  to  see  the 
work  already  done  even  when  covered  with  the  triangle.  In  using 
a  rubber  or  celluloid  triangle  take  care  that  it  lies  perfectly  flat  or 


TRIANGLES. 

is  hung  up  when  not  in  use  ;  when  allowed  to  lie  on  the  drawing 
board  with  a  pencil  or  an  eraser  under  one  corner  it  will  become 
warj)ed  in  a  short  time,  especially  if  the  room  is  hot  or  the  sun 
happens  to  strike  the  triangle. 

Triangles  are  made  in  various  sizes,  aiid  many  draftsmen 
have  several  constantly  on  hand.  A  triangle  from  6  to  8  inches 
on  a  side  will  be  found  convenient  for  most  work,  altliough  there 
are  manv  cases  where  a  small  triangle  measuring  about  4  inches 
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on  a  side  will  be  found  useful.  Two  triangles  are  necessary  for 
every  draftsman,  one  having  two  angles  of  45  degrees  each  and 
one  a  right  angle  ;  and  tlie  otlier  having  one  angle  of  GO  degrees, 
one  of  30  degrees  and  one  of  90  degrees. 

The  value  of  the  triangle  depends  upon  the  accuracy  of  tin 
angles  and  the  straightness  of  the  edges.     To  test  the  accuracy  of 

the  right  angle  of  a  tri- 
angle,  place  the  triangle 
with  the  lower  edge  rest- 
ing on  the  edge  of  the 
T-square,  as  shown  in 
Fig.  8.  Now  draw  the 
liiie  C  D,  whicii  should  be 
jMTpendicular  to  the  edge 

of     the     T-square.       The 
rii;.  .■'.  * 

same  triangle  should  then 

be  placed  in  the  position  shown  r.t  H.     If  the  right  angle  of  tln' 

triangle  is  exactly  90  degrees  the  left-liand  edge  of  the  triangle 

should  exactly  coincide  with  the  line  C  D. 

To  test  the  accuracy  of  the  4.5-degree  triangles,  first  test  the 
right  angle  then  place  the 
triangle  with  the  lower 
edge  resting  on  the  work- 
ing edge  of  the  T-square, 
aiid  draw  the  line  E  F  as 
shown  in  Fig.  9.  Now 
without  moving  the  T- 
square  place  the  triangle 
so  that  the  other  45-degree 
angle  is  in  the  position 
occupied  by  the  first.  If  the  two  4.5-degree  angles  coincide  they 
are  accurate. 

Triangles  are  very  convenient  in  drawing  lines  at  riglit 
angles  to  the  T-squiire.  The  method  of  doing  this  is  shown  in 
Fig.  10.  Triangles  are  also  used  in  drawing  lines  at  an  angle 
with  the  horizontal,  by  placing  them  on  the  board  as  shown  in 
Fig.  11.  Suppose  the  line  E  F  (Fig.  12)  is  drawn  at  any  anjle, 
and  we  wish  to  draw  a  line  through  the  point  P  parallel  to  it. 


Fig.  0. 
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Firet  pluce  one  of  the  triangles  as  sliown  at  A,  liaving  one  edge 
coincidiLg  with  the  given  line.  Now  tsike  the  othei*  triangle  and 
place  one  of  its  edges  in  contiict  with  the  bottom  edge  of  triangle 
A.  Holding  the  triangle  B  firmly  with  the  left  hand  the  triangle 
A  may  be  slipped  along  to  the  right  or  to  the  left  nntil  the  edge 
of  the  triangle  reaches  the 
point  P.  The  line  M  N 
ma\'  then  be  drawn  along 
the  edge  of  the  triangle 
passing  through  the  point 
P.  In  place  of  the  tri- 
angle B  an}'  straight  edge 
such  as  a  T-square  may  be 
used. 

A  line  can  be  drawn 
perpendicular  to  another  by  means  of  the  triangles  as  follows. 
Let  E  F  (Fig.  13)  be  the  given  line,  and  suppose  we  wish  to 
draw  a  line  jierpendicular  to  E  F  through  the  point  D.  Place 
the   longest   side    of   one    of   the    triangles   so  that  it   coincides 

with  the  Una  E  F,  as  the 
triangle  is  saown  in  posi- 
tion at  A.  Place  the  other 
triangle  (or  any  straight 
edge)  in  the  position  of 
the  triangle  as  showii  at 
B,  one  edge  resting  against 
the  edge  of  the  triangle  A. 
Then  holding  B  with  the 
left  hand,  place  the  tfi- 
angle  A  in  the  position  shown  at  C,  so  that  the  longest  side 
passes  through  the  j^oint  D.  A  line  can  then  be  drawn  through 
the  point  D  perpendicular  to  E  F. 

In  previous  figures  Ave  have  seen  how  lines  may  be  drawn 
making  angles  of  30,  45,  60  and  90  degrees  with  the  horizontal. 
If  it  is  desired  to  draw  lines  forming  angles  of  lo  and  75  degrees 
the  triangles  ma}'  be  placed  as  shown  iu  Fig.  14. 

In  using  the  triangles  and  T-square  almost  any  line  may  Iw 
drawn.     Suppose  we  Avish  to  draw  a  rectangle  liaving  one  side 


Fig.  11. 
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horizontal.  Firet  2)lace  the  T-square  as  shown  in  Fig.  15.  By 
moving  the  T-square  up  or  down,  tiie  sides  A  15  and  D  C  may  he 
dra^vn,  l)ecause  they  are  horizontal  and  parallel.  No\\-  plai-e  one 
of  the  triangles  resting  on  the  T-square  as  shown  at  E,  and  hav- 
ing the  leftrhand  edge  piussing  through  the  i)oii't  I).     The  vertical 


line  D  Ani.i^-  be  drawn,  and  i(y  sliding  the  triangle  along  the  edge 
of  the  T-square  to  the  position  F  the  line  B  C  may  be  draWn  by 
using  the  same  edge.  These  positions  are  shown  dotted  in  Fig.  15. 
If  the  rectangle  is  to  be  placed  in  some  other  position  on  the 
di-awing  board,  as  shown  in  Fig.  16,  place  the  4.5-degree  triangle 

F    so    that    one    edge    is 

parallel    to    or     coincides 

with  the  side  D  C.     Now 

holding  the  triangle  F  in 

position  jjlace  the  triangle 

H  so  that  its  upper  edge 

coincides    with   the  lower 

edge   of    the    triangle    F. 

By  holding  H  in  position 

and  sliding  the  triangle  F 

along  its  upper   edge,   the  sides  A  B  and  D  C  may  be  drawn. 

To  draw  the  sides  A  D  and  B  C  the  triangle  should  be  used  as 

shown  at  E. 

Compasses.  Compasses  are  used  for  drawing  circles  and 
arcs  of  circles.  They  are  made  of  various  materials  and  in  various 
sizes.  The  cheaper  class  of  instruments  are  made  of  brass,  but 
they  are  unsatisfactory  on  account  of  the  odor  and  tlie  tendency 
to  tarnish.     The  best  material  is  German  silver.     It  does  not  soil 
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readily,  it  lias  no  odor,  and  is  easy  to  keep  clean.  Aluniinuni  in- 
struments possess  the  advantage  of  lightness,  but  on  account  of 
the  soft  metal  they  do  not  wear  -n-ell. 

Tlie  compasses  are  made  in  the  form  shown  in  Figs.  17  and 
18.  Pencil  and  pen  points  are  provided,  as  shown  in  Fig.  17. 
Either  pen  or  pencil  may  be  inserted  in  one  leg  by  means  of  a 
shank  and  socket.  Tlie 
other  leg  is  fitted  with  a 
needle  point  which  is 
placed  at  the  center  of  the 
circle.  In  most  instru- 
ments the  needle  point  is 
separate,  and  is  made  of  a 
piece  of  round  steel  wire 
having  a  square  shoulder 
at  one  or  both  ends.  Be- 
low this  shoulder  the  needle  point  projects.  The  needle  is 
made  in  this  form  so  tliat  the  hole  in  the  paper  may  be  veiy 
minute. 

In  some  instruments  lock  nuts  are  used  to   hold   the  joint 
firmly  in  position.     These  lock  nuts  are  thin  discs  of  steel,  with 

notches  for  using  a  wrench  or 
forked  key.  Fig.  19  shows  the 
detail  of  the  joint  of  high  grade 
instruments.  Both  legs  are  alike 
at  the  joint,  and  two  pivoted 
screws  are  inserted  in  the  yoke. 
This  permits  ample  movement 
of  the  legs,  and  at  the  same 
p^     jQ  time    gives    the    proper    stiff- 

ness. The  flat  surface  of  one  of 
tlie  legs  is  faced  with  steel,  the  other  being  of  German  silver, 
in  order  that  the  rubbing  parts  may  be  of  different  metals.  Small 
set  screws  are  used  to  prevent  the  pivoted  screws  from  turning 
m  the  yoke.  The  contact  surfaces  of  this  joint  are  made  cir- 
cular to  exclude  dust  and  dirt  and  to  prevent  rusting  of  the 
steel  face. 

Figs.  20,  21  and   22  show  the  detail  of  the  socket;   in   some 
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instrnniL'nts  tlie  shank  and  socket  aie  pentagonal,  us  shown  in 
Fig;  20.  The  shank  enters  the  socket  hiosely,  anil  is  hehl  in  phice 
by  means  of  tiie  screw.  Unless  used  very  carefully  this  arrange- 
ment is  not  durable  because  the  sharp  corners  soon  wear,  and  the 
pressure  on  the  set  screw  is  not  sufficient  to  liold  tlie  shank  iirnily 
in  place. 

In  Fig.  21  is  shown  another  form  of  shank.  This  is  round, 
having  a  flat  top.  A  set  screw  is  also  used  to  hold  this  in  posi- 
tion.    A  still  better  form  of  socket  is  sliown  in    Fig.  22;  th(^  hole 


Fig.  17. 


Fig.  18. 


is  made  tapered  and  is  circriar.  The  shank  lits  accurately,  and 
is  held  in  perfect  alignment  by  a  small  steel  key.  The  clamping 
screw  is  placed  upon  the  side,  and  keeps  the  two  portions  of  the 
split  socket  together. 

Figs,  n  and  18  show  that  both  legs  of  the  compasses  are 
jointed  in  order  that  the  lower  part  of  the  legs  may  be  perpen- 
dicular to  the  paper  while  drawing  circles.  In  this  way  the 
needle  point  makes  but  a  small  hole  in  the  paper,  and  both  nibs  of 
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the  pea  \vill  press  equally  on  the  paper.  In  pencilling  circles  it 
is  not  as  necessary  tliat  the  pencil  tiliould  be  kept  vertical ;  it  is  a 
good  i^Ian,  however,  to  learn  to  use  tlieni  in  this  way  both  in  pen- 
cilling and  inking.  The  com- 
passes should  be  held  loosely  be- 
tween the  thumb  and  forefinger. 
If  the  needle  jwint  is  sharp,  as 
it  should  be,  only  a  slight  pres- 
sure will  be  i-equired  to  keep  it 
in  place.  While  drawing  the 
circle,  incline  the  compasses 
slightly  ill  the  direction  of 
revolution  and  press  lightly  on 
the  pencil  or  pen. 

In  removing  tlie  pencil  or 
pen,  it  should  be  pulled  out 
straight.  If  bent  from  side  to  side  the  socket  will  become  en- 
larged and  the  shank  worn ;  this  will  render  the  instrument  inac- 
curate. For  drawing  large  circles  the  lengthening  bar  shown  in 
Fig.  IT  should   be   used.     When  using  the  lengthening  bar  the 


CXIb^ 


^^^^ 


needle   point  should  be    steadied  witli    one  hand  and  the  circle 
descriljed  with  the  othei-. 

Dividers.     Dividere,  shown  in  Fig.  23,  are  made  similar  to  the 
corapasses.     They  are  used  for  laj-ing  off  distances  on  the  draw- 
ing, either  from  scales  or  from  other  parts  of  the  drawing.     They 
n^         may  also  be  used  for  dividing  a  line 
I — 't°      ^C^^^^       "Fj      into    equal  parts.      When  dividing  a 
Pj„   .„  line    into    equal    parts    the    dividers 

should  be  turned  in  the  opposite  direc- 
tion each  time,  so  that  the  moving  point  passes  alternately  to 
the  right  and  to  the  left.  The  instrument  can  then  be  operated 
readily  with  one  hand.  The  points  of  the  dividei-s  should  be 
very  sharp  so  that  the  holes  made  in  the  paper  will  be  small 
If  large  holes  are  made  ia  the  paper,  and  the  distances  between 
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the  points  are  not  exact,  accursite  spacing  cannot  be  done 
Sometimes  tiie  compjisses  are  furnished  with  steel  divider  points 
in  .addition  to  the  pen  and  pencil  points.  Tlie  conii)as.ses  may 
then  be  used  either  as  dividers  or  as  compasses.  Many  drafts- 
men use  a  needle  point  in  phice  of  dividers  for  making  measure- 
ments from  a  scale.  The  eye  end  of  a  needle  is  fii'st  broken  off 
and  the  iieedle  then  forced  into  a  small  handle  made  of  a  round 
piece  of  soft  pine.  This  instrument  is  very  convenient 
for  indicating  the  intersection  of  lines  and  marking  off 
distances. 

Bow  Pen  and  Bow  Pencil.  Ordinary  large  compasses 
are  too  heavy  to  use  in  making  small  circles,  fillets,  etc. 
The  leverage  of  the  long  leg  is  so  great  that  it  is  very 
difficult  to  draw  small  circles  accurately.  P'or  this  reason 
tlie  how  compasses  .shown  in  Figs.  24  and  2.5  should  be 
used  on  all  arcs  and  circles  having  a  radius  of  less  than 
three-quarters  inciu  The  bow  compasses  are  also  con- 
venient for  duplicating  small  circles  stich  as  those  wliich 
represent  Ix)iler  tubes,  bolt  holes,  etc.,  «ince  there  is  no 
tendency  to  slip. 

Tiie    needle    point    must   be  adjusted    to    the    same 
length  as  the  pen  or  pencil  point  if  very  small  circles  are 
to  be  drawn.     The  adjustment  for  altering  the  radius  of 
the  cii-cle  can  be  made  by  turning  the  nut.     If  the  change 
in  radius  is  considerable  the  points  should  be  pressed  to- 
gether to  remove  the  pressure  from   the  nut  which  can 
«.     oo    then  be  turned  in  either  direction  with  but  little  wear  on 
tlie  threads. 
Fig.  26  shows  another  bow  instrument  which  is  frequently 
used  in  small  work  in  place  of  the  dividers.     It  has  the  advantage 
of  retaining  tlu;  adjustment. 

Drawing  Pen.,  For  drawing  straight  lines  and  curves  that 
are  not  arcs  of  circles,  the  line  i>en  (sometimes  called  the  ruling 
pen)  is  used.  It  consists  of  two  blades  of  steel  fastened  to  a 
handle  as  shown  in  Fig.  27.  The  distance  between  the  pen  points 
can  be  adjusted  by  the  thumb  screw,  thus  regulating  the  width  of 
line  to  be  drawn.  The  blades  are  given  a  slight  curvature  so  that 
there  will  be  a  cavity  for  ink  when  tlie  points  are  close  together. 
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The  pen  may  be  filled  by  means  of  a  common  steel  .pen  or 
with  tlie  quill  which  is  provided  with  some  liquid  inks.  The  pen 
should  not  be  dipped  in  the  ink  because  it  will  then  be  necessar}' 
to  wipe  tiie  outside  of  tlie  blades  before  use.  The  ink  should 
fill  the  pen  to  a  height  of  about  }  or  |  inch;  if  too  much  ink  is 
jilaced  in  the  pen  it  is  likely  to  drop  out  and  spoil  the  drawing. 
Upon  finishing  the  work  the  pen  should  be  carefully  wiped  with 


Fig.  24. 


Flsr. 


Fig.  26. 


chamois  or  a  soft  cloth,  because  most  liquid  inks  corrode  the  steel. 
In  using  the  pen,  care  should  be  taken  that  both  blades  bear 
equally  on  the  paper.  If  the  points  do  not  bear  equally  the  line 
will  be  ragged.  If  both  points  touch,  and  the  pen  is  in  good 
condition  the  line  will  be  smooth.  The  pen  is  usually  inclined 
slightly  in   the  direction   in  which  the  line   is  drawn.     The  pen 


shoulil  toucJi  tlie  triangle  or  T-square  which  serve  as  guides,  but 
it  sliould  not  be  pressed  against  them  because  tiie  lines  will  then 
be  uneven.  The  points  of  the  pen  should  be  close  to  the  edge  of 
the  triangle  or  T-square,  but  should  not  touch  it. 

To    Sharpen   the   Drairuuf  Pen.        After   the   pen   has   been 
ased  for  .some  time  tlie  points  become  worn,  and   it  is  impossible 
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to  iimke  smooth  lines.  This  is  especially  true  if  rough  paper  is 
used.  The  pen  can  be  put  in  proper  condition  by  shiupeiiing  it. 
To  do  this  take  a  small,  flat,  close-grained  oil-stone.  The  blades 
should  fii-st  be  screwed  together,  and  the  points  of  the  pen  can  be 
given  the  proper  shape  by  drawing  the  pen  back  and  forth  over 
the  stone  changing  the  inclination  so  that  the  shape  of  the  ends 
will  be  parabolic.  This  process  dulls  the  points  but  gives  them 
the  proper  shape,  and  makes  them  of  the  same  length. 

To  sharpen  the  pen,  se[)arate  the  points  slightly  and  rub  one 
of  them  on  the  oil-stone.  While  doing  this  keep  the  pen  at  an 
angle  of  from  10  to  1.5  degrees  with  the  face  of  the  stone,  and 
give  it  a  slight  twisting  movement.  This  part  of  the  operation 
requires  great  care  as  the  shape  of  the  ends  must  not  be  iiltered. 
After  the  pen  point  has  become  fairly  sharp  the  other  point 
should  be  ground  in  the  same  manner.  All  tlie  grinding  should 
be  done  on  the  outside  of  the  blades.  The  burr  should  be 
removed  from  the  inside  of  the  blades  by  using  a  piece  of  leather 
or  a  piece  of  pine  wood. 

Ink  should  now  be  placed  between  the  blades  and  the  pen 
tried.  The  pen  should  make  a  smooth  line  whether  fine  or 
heavy,  but  if  it  does  not  the  grinding  must  be  continued  and  the 
pen  tried  frequently. 

Ink.  India  ink  is  always  used  for  drawing  as  it  makes  a 
permanent  black  line.  It  may  be  purchased  in  solid  stick  form 
or  as  a  liquiil.  The  liquid  form  is  very  convenient  as  much  time 
is  saved,  and  all  the  lines  will  be  of  the  same  color ;  the  acid  in 
the  ink,  however,  corrodes  steel  and  makes  it  necessary  to  keep 
the  pen  perfectly  clean. 

Some  draftsmen  prefer  to  use  the  India  ink  which  comes  in 
stick  form.  To  prepare  it  for  use,  a  little  water  should  be  placed 
in  a  saucer  and  one  end  of  the  stick  placed  in  it.  The  ink  is 
ground  by  giving  it  a  twisting  movement.  When  the  water  has 
become  black  and  slightly  thickened,  it  should  Ije  tried.  A 
heavy  line  should  be  made  on  a  sheet  of  paper  and  allowed  to 
dry.  If  the  line  has  a  grayish  apjiearance,  more  grinding  is 
necessary.  After  the  ink  is  thick  enough  to  make  a  good  black, 
line,  the  grinding  should  cease,  because  very  thick  ink  will  not 
flow  freely  from  the  pen.      If,  however,  the  ink  has  become  too 
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thick,  it  may  be  diluted  with  water.  After  using,  tlie  stick 
should  be  wiped  dry  to  prevent  crumbling.  It  is  well  to  grind 
the  ink  in  small  quantities  as  it  does  not  dissolve  readily  if  it  has 
once  become  dry.  If  the  ink  is  kept  covered  it  will  keep  for  two 
or  three  days. 

Scales.  Scales  are  used  for  obtaining  the  various  measure- 
ments on  drawings.  They  are  made  in  several  forms,  tlie  most 
convenient  being  the  flat  with  beveled  edges  and  the  triangular. 
The  scale  is  usually  a  little  over  12  inches  long  and  is  graduated 
for  a  distance  of  12  inches.  The  triangular  scale  shown  in  Fig. 
28  has  six  surfaces  for  graduations,  thus  allowing  many  gi-adua- 
tions  on  the  same  scaie. 

The  graduations  on  the  scales  are  arranged  so  that  the 
drawings  may  be  made  in  any  proportion  to  the  actual  size.  For 
mechanical  work,   the  common   divisions  are   multiples  of   two. 
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Thus  we  make  drawings  full  size,  half  size,  ^,  ■^,  Jg,  g^,  gij,  etc. 
If  a  drawing  is  ^  size,  3  inches  equals  1  foot,  hence  3  inches  is 
divided  into  12  equal  parts  and  each  division  represents  one  inch. 
If  the  smallest  division  on  a  scale  represents  Jg  inch,  the  scale  is 
said  to  read  to  Jjr  inch. 

1  o 

Scales  are  often  divided  into  ■^^,  ^^^,  ■^^,  ■^^,  etc.,  for  archi- 
tects, civil  engineers,  and  for  measuring  on  indicator  cards. 

The  scale  should  never  be  used  for  drawing  lines  in  place  of 
triangles  or  T-square. 

Protractor.  The  protractor  is  an  instrument  used  for  laying 
off  and  measuring  angles.  It  is  made  of  steel,  brass,  horn  and 
paper.  If  made  of  metal  the  central  portion  is  cut  out  as  shown 
Ml  Fig.  29,  so  that  the  draftsman  can  see  the  drawing.  The 
outer  edge  is  divided  into  degrees  and  tenths  of  degrees.  Some- 
times th'-  graduations  are  very  fine.  In  using  a  protractor  a  very 
sharp  luird  pencil  should  be  used  so  that  the  lines  will  be  fine 
and  accurate. 

The  protractor  should  be  placed  so  that  the  given  line  (  pro 
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duced  if  neceasary )  coincides  with  tlio  two  O  marlvs.  The  i 
center  of  tlie  circle  being  placed  at  the  point  tlironffJi  which  the  ' 
desired  line  is  to  be  drawn.  The  divisif)n  can  tlien  he  marked ' 
with  the  pencil  point  or  necidle  point. 

Irregular  Curve.     One  of  the  conveniences  of  a  draftsman's 


outfit  is  the  French  or  irregular  curve.  It  Ls  made  of  wood, 
hard  rubber  or  celluloid,  the  last  named  material  being  the  best. 
It  is  made  in  various   shapes,  two  of    the  most    common    being 


shown  ni  Fig.  30.  This  instrument  is  used  for  drawing  curves; 
other  than  arcs  of  circles,  and  both  pencil  and  line  pen  can  be| 
used. 

To  draw  the  curve,  a  series  of  points  is  first  located  and'' 
then  the  curve  drawn  passing  through  them  b}^  using  the  part  of 
the  irregular  curve    that  passes  through  several  of   them.     The 
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curve  is  shifted  for  this  work  from  one  position  to  another  It 
li-equently  facilitates  the  work  and  improves  its  appearance  to 
draw  a  free  hand  pencil  curve  through  the  points  and  tlieu  use  the 
irregular  curve,  taking  care  that  it  always  fits  at  least  three  points. 
Ill  inking  the  curve,  the  blades  of    the  pen  must    be  kept 


Fig.  31. 

tangent    to  the  curve,   thus  necessitating  a  continual    change  of 
direction. 

Beam  Compasses.  The  oidinaiy  compasses  are  not  large 
enough  to  draw  circles  having  a  diameter  greater  than  about  8  or 
10  inches.  A  convenient  instrument  for  larger  circles  is  found 
111  the  beam  compasses  shown  in  Fig.  31.  The  two  parts  called 
channels  carrying  the  pen  or  pencil  and  the  needle  point  are 
clamped  to  a  wooden  beam  ;  the  distance  between  them  being 
equal  to  the  radius  of  the  circle.  Accurate  adjustment  is  obtained 
by  means  of  a  thumb  nut  underneath  one  of  the  channel  pieces. 

PLATES. 

Plates  I,  II  and  III  are  provided  to  give  practice  in  the  use 
of  the  drawing  iustruiuents.  Drawing  paper  at  least  11  inches  by 
15  inches  should  be  used  to  allow  border  lines  10  inches  by  14 
inches.  First,  draw  carefully  in  pencil  and  then  ink  in.  Especial 
care  sboild  be  taken  as  to  quality  and  width  of  line,  intersections, 
and  the  joining  of  curved  and  straight  lines. 

These  are  followed  by  examples  for  lettering.  Plate  l\  should 
be  drawn  first  in  pencil  and  then  in  ink. 
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MECHANICAL  DRAWING, 

PART    II. 


PROJECTIONS. 

Orthographic  Projection  is  tlie  art  of  representing  an  object 
apon  two  planes,  at  right  angles  to  each  other,  by  lines  drawn 
from  all  points  on  the  edges  or  contour  perpendicular  to  these 
planes.  The  intersections  of  the  perpendiculars  witli  the  planes 
give  figures  -which  are  called  projections  of  the  object. 

The  two  planes  are  called  planes  of  projection,  or  coordinate 
■planes,  one  being  vertical  and  the  other  horizontal,  as  shown  in 
Fig.  1,  These  planes  are  sometimes  designated  V  and  H  respec- 
tively. The  intersection  of  V  and  H  is  known,  as  the  ground  line, 
or  G  L.  If  a  in  Fig.  1 
is  a  point  in  space,  and 
a  perpendicular  is  drawn 
to  the  vertical  plane,  the 
point  a"  will  be  the  pro- 
jection of  the  point  on 
the  vertical  plane,  nnd 
in  a  similar  way  «''  will 
be  the  projection  of  a 
on  the  horizontal  plane. 
The  line  B  has  its  ver- 
tical projection  at  B", 
and  its  horizontal  pro- 
jection at  B".     Instead 

of  Jiorizontal  projection  and  vertical  projection,  the  terms  plan 
and  elevation  are  commonly  used.  It  will  be  seen  from  the 
figure  that  the  plan  of  a  point  or  line  is  directly  underneath  on 
the  H  plane,  and  the  elevation  directly  behind  on  the  V  plane. 

Suppose  in  Fig.  2  a  cube  one  inch  on  a  side  be  placed  with 
the  top  horizontal  and  the  front  face  parallel  to  the  vertical  plane. 
Then  the  plan  will  be  a  one-inch  sqiuire,  and  the  elevation  also  a 
one-incli  square.  In  general  the  plan  is  a  representation  of  the 
top  of  the  object,  and  the  elevation  a  view  of  the  front.  The  plan 
then  is  a  top  view,  and  the  elevation  a  front  view.     Since  the 


Fig.  1. 
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plan  is  directly  Inflow  tlie  oliiect,  and  the  elevation  directly  be- 
hind, it  foUfnvs  that  in  actual  drawing  tlie  plan  jnust  he  vertically 
below  the  elevation,  point  for  point.  This  is  one  of  tlie  funda- 
mental principles  of  projection,  and  should  he  thoroughly  nnde^ 
stood. 

The  projection  of  a  point  can  never  Iw  anything  hnt  a  point. 
By  refeiTing  to  Fig.  1  it  is  clear  that  the  lieight  of  a  above  tlie 
horizontal  plane  is  eijnal  to  tht*  distance  ()f  «"  aliove  tlie  ground 


Fi^'.  2. 


line,  and  the  distance  of  a  in  front  of  the  vertical  plane  is  equal 
to  the  distance  of  a'i  in  front  of  the  ground  line.  Applying  this 
principle  to  Fig.  3,  the  point  represented  by  a"  and  a''  must  Ije  a 
point  |inch  above  II  and  1  inch  in  front  of  V. 

All  points  on  an  object  at  the  same  height  must  appear  in 
elevation  at  the  .same  distance  above  the  ground  line.  If  nnm- 
bere  1,  2,  3  and  4  on  the  plan  indicate  the  top  corners  of  the  cnl)e, 
then  these  four  points,  Ijcing  at  tlie  same  height,  must  be  shown 

in  elevation  at  the  same  height  and  at  the  top,  j  and  L  The  top 
of  the  cube,  1,  2,  3,  4,  is  .shown  in  elevation  as  the  straight  line 
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■  —  g.  Tills  illustrates  the  fact  that  if  a  surface  is  perpenclicnlar 
to  cither  2>l<"is  of  projection,  its  iwojection  en  tliat  jdane  is  simplij  a 
line;  a  straiffJit  line  if  the  surface  is  plane,  a  curved  line  if  the 
surface  is  curved.  From  tlie  same  figure  it  is  seen  that  the  top 
edge  of  the  cube,  I  4,  has  for  its  projection  on  the  vertical  plane 


!    1 
1    '      : 

ELEVATION 

4 

3 
2 

1 

1          i 

B^             \ 

1 

-> 

« 

1    ! 
'1    '- 

PLAN 

Fig.  3. 

4 

3 

a* 

the  point  J,  the  principle  of  which  is  stated  in  this  waj^ :  If  a 
straight  line  is  perpendicular  to  either  V  or  H,  its  projection  on 
that  plane  is  a  point,  and  on  the  other  jjlaue  is  a  line  equal  in 
length  to  the  line  itself,  and  perpendicular  to  the  ground  line. 
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Fig.  4  is  given  as  an  exercise  to  help  to  show  clearly  the 
idea  of  plan  and  elevation.  The  student  should  answer  the  fol- 
lowing question  for  himself :  What  does  each  of  these  projectioDS 
rem  esent  ? 
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Suppose  ill  Fig.  5,  that  it  is  deslrefl  to  construct  the  pro- 
jections  of  a  prism  1^  in.  square,  and  U  in.  long,  standing  on  one 
end  on  the  horizontiil  plane,'  two  of  its  faces  being  parallel  to  the 
vertical  plane.  In  the  first  place,  as  the  top  end  of  the  prism  is  » 
square,  the  top  view  or  plan  will  be  a  square  of  the  same  size, 
that  is,  1|  in.  Then  since  the  prism  is  placed  parallel  to  and  in 
front  of  the  vertical  plane  the  plan,  IJ  in.  square,  will  have  two 
edges  parallel  to  the  ground  llni'..     As  the  front  face  of  tlie  prism 
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Fig.  5. 


is  parallel  to  the  vertical  plane  its  projection  on  V  will  bo  a  rect- 
angle, equal  in  length  and  width  to  the  length  and  width  respec- 
tively of  tlie  prism,  and  as  the  prism  stands  with  its  base  on  H, 
the  elevation,  showing  height  above  H,  must  have  its  base  on  tiie 
ground  line.  Observe  carefidly  that  points  in  elevation  are  verti- 
cally over  coiTesponding  points  in  plan. 

The  second  drawing  in  Fig.  5  represents  a  prism  of  the  same 
size  lying  on  one  side  on  the  horizontal  plane,  and  with  the  ends 
parallel  to  V. 

The  principles  which  have  been  used  thus  far  may  be  stated 
is  follows,  — 
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'  1.     If  a  line  or  point  is  ou  either  plane,  its  other  projection 

I  must  be  in  the  ground  line. 

I  2.     Height  above  H  is  shown  in  elevation  as  height  above 

'  the  ground  line,  and  distance  in  front  of  the  vertical  plane  is  shown 

I  in  plan  as  distance  from  the  ground  line. 

I  3.     If  a  line  is  parallel  to  either  plane,  its  actual  length  is 

I  shown  on  that  plane,  and    its  otiier  projection  is  parallel  to  the 

!  ground  line.     A  line  oblique  to  eitlier  plane  has  its  projection  on 

I  tiiat  plane  shorter  than  the  line  itself,  and  its   other  projection 

i  oblique  to  the  ground  line.    Ko  projection  can  be  longer  than  the 

'  line  itself. 

4.     A  plane  sui-face  if  parallel  to  either  plane,  is  sho\;n  on 


Fig.  «. 


Fig.  7. 


that  plane  in  its  true  size  and  sliape ;  if  oblique  it  is  shown 
smaller  than  the  true  size,  and  if  perpendicular  it  is  shown  as  a 
straight  line.  Lines  parallel  in  space  must  have  their  V  projec- 
tions parallel  to  each  other  and  also  their  H  projections. 

If  two  Hues  intersect,  their  pi-ojections  must  cross,  since  the 
point  of  intersection  of  the  lines  is  a  point  on  both  lines,  and 
therefore  the  projections  of  this  point  must  be  on  the  projections 
of  both  lines,  or  at  their  intersection.  In  order  that  intei'secting 
lines  may  be  represented,  the  vertical  projections  must  intei-sect 
in  a  point  vertically  above  the  Intersection  of  the  horizontal  prp- 
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jections.  Tims  Fig.  6  represents  two  lines  which  do  intersect  as 
C"  crosses  I)''at  a  point  vertically  above  the  intersection  of  C'  and 
D*.  In  Fig.  7,  however,  the  lines  do  not  intersect  since  the  intecr 
sections  of  theii-  projections  do  not  lie  in  the  same  vertical  line. 

In  Fig.  8  is  given  the  plan  and  elevation  of  a  sqniiro  pyramid 
standing  on  the  horizontal  i)lanr.  The  height  of  the  j)yraniid  isi 
the  distance  A  B.  The  slanting  edges  of  the  pyramid,  A  C,  A  D, 
etc.,  must  bo  all  of  the  same  length,  since  A  is  directly  alwve  the 
center  of  the  base.  What  this  length 
is,  however,  does  not  appear  in  either 
jirojection,  as  these  edges  are  not 
parallel  to  either  V  or  H. 

Suppose  that  the  pynimid  be 
turned  around  into  the  dotted  posi- 
tion C|  D,  E,  F,  wlieie  the  horizontal 
j)rojections  of  t\\o  of  the  slanting 
edges,  A  C,  and  A  E,  are  parallel  to 
the  ground  line.  These  two  edges, 
having  their  horizontal  projections 
parallel  to  the  ground  line,  are  now 
parallel  to  V,  and  thei'efore  their  new 
vertical  jirojections  will  show  their 
true  lengths.  The  base  of  the  pyra- 
mid  is  still  on  H,  and  therefore  is 
piojected  on  V  in  the  ground  line. 
The  apex  is  in  the  same  place  as  be- 
fore, hence  the  vertical  projection  of 
the  pyramid  in  its  new  position  is  shown  by  the  dotted  lines.  The 
vertical  projection  A  C,"  is  the  true  length  of  edge  A  C.  Now  if 
we  wish  to  find  .simply  the  true  length  of  A  C,  it  is  unnecessary  to 
turn  the  whole  pyramid  around,  as  the  one  line  A  C  will  be  sufficient. 
The  principle  of  finding  the  true  length  of  lines  is  this,  anu 
can  be  applied  to  any  case  :  Swing  one  projection  of  the  line  par- 
allel to  the  ground  line,  using  one  end  as  center.  On  the  other 
projection  the  moving  end  remains  at  the  same  distance  from  the 
ground  line,  and  of  course  vertically  above  or  below  the  same  end 
in  its  parallel  position.  This  new  projection  of  the  line  shows  its 
true  length.     See  the  three  Figures  at  the  top  of  page  9. 
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Third  plane  of  projection  or  profile  plane.       A  plane  pei-pen- 

dicular  to  both  eo-onlinate  planes,  and  hence  to  the  ground  line,  ia 


called  a  profile  plane.  This  plane  is  vertical  in  position,  and  may 
be  used  as  a  plane  of  projection.  A  projection  on  the  profile  plan>3 
is  called  a  profile  view,  or  end  view,  or  sometimes  edge  view,  and 
is  often  required  in  machine  or  other  drawing  when  the  plan  and 
elevation  do  not  sufBcientl}^  give  the  shape  and  dimensions. 

.\  projection  on  tliis  plane  is  found  in  the  same  way  as  on  the 
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V  plane,  that   Is,  by  perpendiculars    drawn   from   points   on   the 
object. 

Since,    however,  the    profile    plane    is    perpendicular  to  the 
ground  line,  it  will  Iw  seen  from  the  front  and  top  simply  as  a 
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Ktnxiglit  line ;  in  oriler  that  the  size  and  shape  of  the  profile  view 
may  be  shown,  tlie  profile  plane  is  revolved  into  V  using  its  inter 
section  witli  the  vertical  plane  as  the  axis. 

Given  in  Fig.  9,  the  line  A  B  by  its  two  projections  A'  IJ"  and 
A**  B'',  and  given  also  the  profile  plane.  Now  by  projecting  the 
line  on  the  profde  b}-  perpomliculars,  the  points  A,"  U,"  andB,'»  A,* 
are  found.  Revolving  the  profile  plane  like  a  door  on  its  hinj^es,  all 
points  in  the  plane  will  move  in  horizontal  circles,  so  the  horizontal 
]>roiections  A*  and  B,''  will  move  in  arcs  of  circles  with  ()  as  center 
to  the  ground  line,  and  the  vertical  projections  B,"  and  A'  will  move 
in  lilies  parallel  to  the  ground  line  to  positions  directly  above  the 
revolved  point-;  in  the  gronn<l  line,  giving  the  profile  view  of  the 
line  A*"  B*".  Heights,  it  will  be  seen,  are  the  same  in  profile  view 
as  in  elevation.  By  referring  to 
the  rectangular  prism  in  the  same 
figure,  we  see  that  the  elevation 
gives  vertical  dimensions  and  those 
parallel  to  V,  while  the  end  view 
shows  vertical  dimensions  and 
those  perpendicular  to  V.  The 
profile  view  of  any  object  may  be 
found  as  shown  for  the  line  A  B 
by  taking  one  point  at  a  time. 

In  Fig.  10  there  is  repre- 
sented a  rectangular  prism  or 
block,  whose  length  is  twice  the 
width.  The  elevation  shows  its 
height.  As  the  prism  is  placed  at 
an  angle,  three  of  the  vertical  edges  will  be  visible,  the  fourth 
one  being  invisible. 

In  mechanical  drawing  lines  or  edges  which  are  invisible  are 
di-awn  dotted.  The  edges  which  in  pi'ojection  form  a  part  of  the 
outline  or  contour  of  the  figure  must  always  be  visible,  hence 
always /it?^  lines.  The  plan  shows  what  lines  are  visible  in  eleva- 
tion, and  the  elevation  determines  what  are  visible  in  plan.  In 
Fig.  10,  the  plan  shows  that  the  dotted  edge  A  B  is  the  back  etlge, 
and  in  Fig.  11,  the  dotted  edge  C  D  is  found,  by  looking  at  the 
elevation,  lo  oe  the  lower  edge  of  the  triangular  prism.     In  general, 
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if  ill  eleviition  an  edge  projectetl  within  the  figure  is  a  back  edge, 
it  must  be  dotted,  and  in  plan  if  an  edge  projected  witliin  the 
outline  is  a  lower  edge  it  is  dotted. 

Fig.   12  is  a  circular  C3'linder  with  the  length  vertical  and 


Fig.  11. 

with  a  hole  part  way  tiirougli  as  shown  in  elevation.  Fig.  13  is 
plan,  elevation  and  end  view  of  a  triangular  prism  with  a  square 
hole  from  end  to  end.  The  plan  and  elevation  alone  would  be 
insufficient  to  determine  positively  the  shape  of  the  hole,  but  the 
end  view  shows  at  a  glance  that  it  is  square. 

In  Fig.  14  is  shown  plan  and  elevation  of  the  frustum  of  a 
square  pyramid,  placed  with  its  base  on  the  horizontal  plane.  If  the 
frustum  is  turned  through  80°,  as  shown  in  the  plan  of  Fig.  15, 
tlie  top  view  or  plan  must  still  be  the  .same  shape  and  size,  and  as 
the  frustum  has  not  been  raised  or  lowered,  the  heights  of  all 
paints  must  appear  the  same  iu  elevation  as  before  in  Fig.  14. 
The  elevation  is  easily  found  by  projecting  points  up  from  the 
plan,  and  projecting  the  height  of  the  top  horizontally  across  from 
the  first  elevation,  because  the  height  does  not  change. 

The  same  principle  is  further  illustrated  in  Figs.  16  and  17. 
The  elevation  of  Fig.  16  shows  a  square  prism  resting  on  one  edge, 
and  raised  up  at  an  angle  of  30'  on  the  right-hand  side.     The 
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plan  gives  tlie  width  or  thickness,  |  in.     Notice  that  the  length  o! 
the  plan   is  greater  tlian  2  in.   and   that   varying  the  angle  at 
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which  the  prism  is  slanted  would  change  the  length  of  the  plan. 
Now  if  the  prism  ho  turned  around  tlnongh  any  angle  witli  tlie 
vertical  plane,  the  lower  edge  still  heing  on  II,  and  the  inclination 


of  30°  with  H  remaining  the  same,  the  plan  must  remain  the  same 
size  and  sliape. 

If  the  angle  through  which  the  piisni  be  turned  is  45*^,  we 
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have  tlie  second  plan,  exactly  the  same  shape  and  size  as  the  first 
The  elevation  is  found  by  projecting  the  corners  of  the  prism  ver 


Fig.  :o. 


tically  up  to  the  lieights  of  the  same  points  in  tlie  firet  elevation. 
All  the  other  points  are  found  in  the  same  way  as  point  No.  1. 


Three  positions  of  a  rectangular  prism  are  shown  in  Fig.  17, 
Lu  die  fii'st  view,  the  prism  stands  on  its  base,  its  axis  therefore 
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is  parallel  to  tlie  vertical  plane.  In  the  seeond  position,  the  axis  ia 
still  parallel  to  V  and  one  corner  of  the  base  is  on  the  horizontal 
plane.  The  prism  ha.s  been  tuineil  as  if  on  the  line  l*"  1"asan 
axis,  so  that  the  inclination  of  all  the  faces  of  the  prism  to  the 
vertical  i)lane  remains  the  same  as  before.  Thai  is,  if  in  the  first 
fignre  the  side  A  B  C  D  niahes  an  angle  of  30°  witli  the  vertical, 
the  same  side  ia  the  second  position  still  makes  30'  with  the  ver 


tical  plane.  Hence  the  elevation  of  No.  2  is  the  same  shape  and  size 
as  in  the  firet  case.  The  plan  is  fonnd  by  projecting  the  cornen 
down  from  the  elevation  to  meet  horizontal  lines  projected  across 
from  the  corresponding  points  in  the  first  plan.  The  third  posi- 
tion shows  the  prism  with  all  it?  faces  and  edges  making  the  same 
angles  with  the  horizontal  as  in  the  second  position,  but  with  the 
plan  at  a  different  angle  with  the  gr.ound  line.  The  plan  then  is 
the  same  shape  and  size  a.s  in  No.  2,  and  the  elevation  is  found  by 
projecting  np  to  the  same  heights  as  shown  in  the  preceeding 
elevation.  This  principle  may  be  applied  to  any  solid,  whether 
bounded  by  plane  surfaces  or  curved. 

This  principle  as  far  as  it  relates  to  heights,  is  the  same  that 
was  used  for  profile  views.  An  end  view  is  sometimes  necessary 
before  the  plan  or  elevation  of  an  object  can  be  drawn.  Suppose 
ihat  in  Fig.  18  we  wish  to  draw  the  plan  and  elevation  of  a  tri- 
angidar  prism  3"  long,  the  end  of  which  is  an  equilateral  triangle 
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li*  on  each  side.     The  prism  is  lying  on  one  of  its  three  faces  on 
H.  and  inclined  toward  tlie  vertical  plane  at  an  angle  of  30°.    We 

are  able  to  draw  the  plan  at 
once,  because  the  width  will  be 
1|  inches,  and  the  top  edge  will 
be  projected  half  way  between 
the  other  two.  The  length  of 
the  prism  will  also  be  shown. 
Befoi-e  we  can  draw  the  elevation, 
we  must  find  the  height  of  the 
top  edge.  This  height,  however, 
must  be  equal  to  the  altitude  of 
the  triangle  forming  the  end  of 
the  prism.  All  that  is  necessary, 
then,  is  to  construct  an  equilat- 
eral triangle  li"  on  each  side,  and  measure  its  altitude. 

A  very  convenient  way  to  do  this  is  shown  in  the  figure  ')y 
laying  one  end  of  the  prism  down  on  H.  A  similar  construction 
is  sliown  in  Fig.  19,  but  with  one  face  of  the  jirism  on  V  instead 
of  on  H. 

In  all  the  work  thus  far  the  plan  has  been  drawn  below  aad 
the  elevation  above.  This  order  is  sometimes  inverted  and  the 
plan  ]int  above  the  elevation. 

PLATES. 

PLATE  V. 

The  plates  of  this  paper  should  be  laid  out  the  same  size  as 
the  plates  in  Part  I.  The  center  lines  and  borderlines  should  also 
be  drawn  as  shown. 

First  draw  two  ground  lines  across  the  sheet,  3  inches  below 
the  upper  border  line  and  3  inches  above  the  lower  border  line. 
The  first  problem  on  each  ground  line  is  to  be  placed  1  in«h  from 
the  left  border  line  and  spaces  of  about  1  inch  should  be  left 
between  the  figures. 

Isolated  points  are  indicated  by  a  small  cross  x,  and  projec- 
tions of  lines  are  to  be  drawn  full  unless  invisible.  All  construc- 
tion lines  should  be  fine  dotted  lines.  Given  and  required  lines 
ehouM  be  drawn  full. 
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Problems  on  upper  ground  line; 

PROBLEM  1.  Locate  both  inojcctions  of  a  point  on  tho 
horizontal  plane  1  inch  from  tiie  vertical  plane. 

PROHLEIM  2.  Draw  the  projections  of  a  lino  2  inches 
long  wiiich  is  i)arallel  to  the  vertical  plane  nnd  makes  an  angle  of 
45  degrees  with  the  horizontal  ami  slants  upward  to  the  right. 

The  line  should  be  1  inch  from  the  verlicai  plane  and  tlie 
lower  end  \  inch  above  the  horizontal. 

PROBLEM  3.  Draw  the  projections  of  a  line  1.!  inchee 
long,  which  is  parallel  to  both  jdancs  1  inch  alwve  the  liorizonfcil 
and  ?■  inch  from  the  verticaL 

PROBLEM  4.  Dniv/  the  plan  and  elevation  of  a  line  2 
inches  long  which  is  parallel  to  H  and  makes  an  angle  of  30 
degrees  with  V.  Let  the  right-hand  end  of  the  line  l:e  the  end 
nearer  V,  i  inch  from  V.     The  line  to  be  1  inch  above  H. 

PROBLEM  5.  Draw  the  plan  and  elevation  of  a  line  11 
inches  long  which  is  perpendicnlar  to  the  horizontal  plane  and  1 
incii  from  the  vertical.     The  lower  end  of  line  is  ^  inch  above  II. 

PROBLEM  G.  Draw  the  projections  of  a  line  1  inch  long 
which  is  perpendicular  to  the  vertical  plane  and  1,^  inch  above  the 
horizontal.  Tho  end  of  the  line  nearer  V,  or  the  back  end,  ia 
i  inch  from  V, 

PROBLEM  7.  Draw  two  projections  which  shall  represent 
a  line  oblique  to  both  planes. 

Note  :  Leave  1  inch  between  this  figure  and  the  right-hand 
border  line. 

Problems  on  lower  ground  line. 

PROBLEM  8.  Draw  tlu;  projections  of  two  parallel  lines 
each  IJ  inches  long.  The  lines  are  to  be  parallel  to  the  vertical 
plane  and  make  angles  of  GO  degrees  with  the  horizontal.  Tiie 
lower  end  of  each  line  is  ^  inch  above  H.  Tho  right-hand  end  of 
the  right-hand  line  is  to  be  2|  inches  from  the  left-hand  margin. 

PROBLEM  9.  Draw  the  projections  of  two  parallel  lines 
each  2  inches  long.  Both  lines  to  be  parallel  to  the  horizontal 
and  make  .an  angle  of  30  degrees  with  the  vertical.  The  lower 
line  to  be  -|  incli  above  H  and  one  end  of  one  line  to  be  against  V. 

PROBLEM  10.  Draw  the  projections  of  two  intersecting 
lines.     One  2  inches  long  to  be  parallel   to  both  planes  1   inch 
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above  II  and  ^  inch  from  the  vertical,  and  the  other  to  be  oblic|ue 
to  both  phuies  and  of  any  desired  length. 

PROBLEJI  11.  Draw  plan  and  elevation  of  a  prism  1  inch 
square  and  1 1  inches  long.  The  prism  to  have  one  side  on  the 
liorizontal  plane  and  the  long  edges  perpendicular  lo  V.  The 
Itiick  end  of  the  prism  is  ^  incli  fron:  the  vertical  plane. 

PROBLEM  12.  Draw  plan  and  elevation  of  a  prism  the 
same  size  as  given  above,  but  with  the  long  edges  parallel  to  both 
planes,  the  lower  face  of  jarisni  parallel  to  H  and  |  inch  above  it. 
The  back  face  to  be  ^  inch  from  V. 

PLATE  VF. 

The  ground  line  is  to  be  in  the  middle  of  the  sheet,  and  the 
location  and  dimensions  of  the  figures  are  to  be  as  given.  The 
first  figure  shows  a  rectangular  block  with  a  rectangular  hole  cut 
through  from  front  to  back.  The  other  two  figures  represent  the 
same  block  in  diiferent  positions.  The  second  figure  is  the  end  or 
profile  projection  of  the  block.  The  same  face  is  on  H  in  all 
three  positions.  Be  careful  not  to  omit  the  shade  Hues,  and  tr^ 
to  see  why  each  one  is  put  on. 

PLATE  VII. 

Three  ground  lines  are  to  be  used  on  this  plate,  two  at  the 
left,  4|'  long  and  3"  from  top  and  bottom  margin  lines,  and  one 
at  the  right,  half  way  between  the  top  and  bottom  margins,  91' 
long. 

The  figures  1,  2,  3  and  4  are  examples  for  finding  the  true 
lengths  of  the  lines.  Begin  No.  11"  from  the  border,  the  vertical 
projection  1|'  long,  one  end  on  the  ground  line,  and  inclined  at 
30°.  The  horizontal  projection  has  one  end  |"  from  V  and  the 
other  li"  from  V.  Find  the  true  length  of  the  line  by  complet- 
ing the  construction  commenced  by  swinging  the  arc,  as  shown  in 
the  figure. 

Locate  the  left-hand  end  of  No.  2  3"  from  the  border,  1" 
above  H  and  f  from  V.  Extend  the  vertical  projection  to  the 
ground  line  at  an  angle  of  45",  and  make  the  horizontal  projection 
at  30".  Complete  the  constructiou  for  true  length  as  commenced 
\a  the  figuie. 


57 


18  MECHANICAL    DRAWING. 

In  figures  3  and  4  the  true  lengths  are  to  bo  found  by  com- 
pleting the  revolutions  indicated.  Tiie  left-hand  end  of  Fig.  3  is 
I"  from  the  margin,  1]*  from  V  and  11"  above  II.  The  liorizon 
tal  projection  makes  an  tangle  of  G0°  and  extends  to  the  ground 
line,  and  the  vertical  projection  is  inclined  at  45°. 

Tlie  fourth  figure  is  3"  from  the  border  and  represents  a  line 
in  a  profile  jjlane  coniiccting  points  a  and  h.  a  is  1}'  above  H 
and  ^"  from  V,  and  h  is  ^''  above  H  and  1^"  from  V. 

The  figures  for  the  middle  ground  line  represent  a  pentagonal 
pyramid  in  tliree  positions.  Tlie  first  position  is  the  pyiamid  witU 
the  axis  vertical  and  base  4*  above  the  horizontal.  The  height 
of  pyramid  is  2^"  and  tlie  diameter  of  the  circle  circumscribed 
about  the  base  is  2},".  The  center  of  the  circle  is  G*  from  the 
left  margin  and  IJ"  from  V.     Spaces  between  figures  to  be  i'. 

In  the  second  figure  tire  pyramid  has  been  revolved  about  tlie 
right-hand  corner  of  the  base  as  an  axis  through  an  angle  of  15". 
Tiie  axis  of  the  pyramid,  shown  dotted,  is  therefore  at  15",  The 
method  of  obtaining  76°  and  15°  with  the  triangles  was  shown  in 
Part  I.  From  the  way  in  which  the  pyramid  has  been  revolved, 
all  angles  \\  ith  V  must  remain  the  same  as  in  the  fiist  jiosition, 
hence  the  vertical  projection  will  be  the  same  shape  and  size  as 
before.  The  points  on  tlio  plan  are  found  on  T-square  lines 
through  the  comers  of  the  first  plan  and  directly  beneath  the 
points  in  elevation.  In  the  third  position  the  pyramid  has  been 
swung  around  about  a  vertical  line  tlirough  the  apex  as  axis 
through  30°.  The  angle  with  the  horizontal  plane  remains  the 
same,  consequently  the  plan  is  the  same  size  and  shape  as  in  the 
second  position,  but  at  a  different  angle  with  the  ground  Une. 
Heights  of  all  points  of  the  pyramid  have  not  changed  this  time, 
and  hence  are  projected  across  from  the  second  elevation. 
Shade  lines  are  to  be  put  on  between  the  light  and  daik  surfaces 
as  determined  by  the  45°  triangle. 
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PART  III. 


WORKING  DRAWINGS. 

Ill  Mechanical  Drawing  Parts  I  and  II,  instrnments  and 
materials  are  described  and  some  hints  given  regarding  the  use  of 
compasses,  line  pen,  triangles,  T-sqiiare,  etc.  In  addition,  the  gen. 
eral  principles  iijion  'which  all  Mechanical  Drawing  dejiends,  are 
explained.  After  completing  this  work  the  student  should  be  able 
to  draw  neatly  and  accurately  and  apply  the  fundamental  jwinciples. 

Let  us  now  take  up  the  subject  of  working  drawings  and  see 
how  the  principles  of  orthographic  projection  are  made  of  practical 
use.  We  shall  see,  as  we  go  on,  that  to  a  great  extent  the  theoreti- 
cal principles  already  learned  in  the  study  of  projections  are  used 
in  practical  working  shop  drawings.  Nevertheless,  there  are  cer- 
tain instances  in  which  actual  practice  differs  slightly  from  the 
theory. 

We  shall  also  find  that  all  draftsmen  do  not  follow  the  same 
customs  in  the  matter  of  minor  details,  but  that  in  many  cases 
there  are  several  ways  of  representing  objects,  all  of  which  may  be 
equally  correct,  one  draftsman  using  one  method  either  because  he 
prefers  it  or  because  it  best  serves  the  purpose  for  which  his  par- 
ticular work  is  being  done,  while  another  draftsman  uses  a  differ- 
ent method.  The  more  important  principles  and  customs,  however, 
are  pretty  well  established. 

A  study  of  the  subject  of  working  drawings  shoidd,  first, 
teach  us  the  methods  of  the  best  drafting  rooms ;  second,  should 
train  our  judgment  to  decide  how  best  to  represent  the  particular 
object  which  we  have  to  draw;  third,  should  train  our  hand  and 
eye  to  make  a  clear,  neat  and  well-executed  drawing,  without 
unnecessary  expenditure  of  time. 

Definition  of  Working  Drawing.  A  working  drawing  of  any 
object  is  a  drawing  which  completely  describes  the  object  in  every 
particular,  showing  its  fonn,  size,  material,  finish,  and  all  other 
details,  so  that  a  workman  may  take  the  drawing  and  without  any 
further  instructions  make  the  object  exactly  as  the  draftsman  in- 
tended it  to  bo  made. .  The  drawio""  is,  therefore,  a  sort  of  lan- 
guage, by  which  the  man  who  designs  the  object  describes  it  to  ths 
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man  who  is  to  make  it.  Fig.  1  shows  the  working  drawing  of  a 
bell  crank  lever.  The  drawing  itself  shows  the  shape  and  the 
dimensions  show  the  size. 

Aside  from  dravings  of  buildings,  etc.,  that  is  Architectural 
drawings,  the  greater  part  of  the  working  drawings  which  are 
made  are  for  machines,  and  we  will  consider  chiefly  the  latter,  or, 
as  thcj'  are  called,  machine  drawings.  These  drawings  are  almost 
always  orthogra])hic  ])rojections,  as  this  is  by  far  the  easiest  and 
best  way  to  represent  a  machine  or  a  2)art  of  a  machine.     Some- 
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Fig.  1. 


times,  when  it  is  desired  to  give  a  sort  of  bird's-eyo  view  of  a 
machine,  an  isometric  or  an  oblique  projection  is  made,  but  this 
method  involves  so  much  labor  that  it  is  seldom  used. 

Lines,  la  order  to  make  a  drawing  perfectly  clear,  and  to 
avoid  confusing  one  line  with  another,  different  kinds  of  lines  are 
used  for  different  purposes.  Fig.  2  shows  the  six  most  common 
kinds  used.  The  ordinary ^/w/Z  lines  are  used  to  represent  visible 
lines  of  the  object  which  is  being  drawn. 
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The  invisible  lines  are  used  to  represent  lines  of  the  object 
which  woulil  be  liidden  from  sight  if  a  person  looked  iu  the  direc- 
tion ill  which  he  imagines  himself  to  be  looking  while  he  is 
drawing  it. 

The  use  of  the  shade  lines  will  be  explained  later. 

Center  lines  are  used  to  connect  different  views  of  an  object, 
the  line  being  drawn  through  the  center  of  the  piece  and  extend- 
ing through  both  views.  Locations  of  holes  are  usually  shown  by 
having  two  center  lines  drawn  at  right  angles  to  each  otiier 
through  their  centei-s,  and  the  position  of  these  center  lines  located. 
Wherever  a  dimension  is  to  be  given  to  the  center  of  a  piece  a 
center  line  is  drawn  through  the  piece  and  the  dimension  given 
to  this  line. 


INVISIBLE  LINE 


H.4DE   LINES 


CENTER   LINES 


N'SION   LINES 


EXTENSION   LINES 


Extension  lines  are  sometimes  used  to  connect  two  views  of  a 
piece,  but,  wherever  it  is  possible  to  use  a  center  line,  instead,  the 
latter  is  preferable.  The  principal  use  of  extension  lines  is,  as  the 
name  implies,  to  extend  the  lines  of  the  object  so  as  to  give 
dimensions  between  them. 

Dimension  lines  ai'e  used  in  giving  dimensions  from  one  line 
or  point  to  another. 

The  ordinary  lines  and  the  invisible  lines  should  be  made  of 
the  same  width;  the  sliade  lines  should  be  made  considerably 
heavier,  and  the  center  lines,  extension  lines  and  dimension  lines 
shoul  I  be  lighter. 

Location  of  Views.  ■  In  our  preceding  study  of  projections 
we  imagined  our  object  to  be  held  in  the  angle  formed  by  two 
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planes  ■which  jntei'seet  at  light  angles,  the  planes  and  the  object 
being  supposed  to  be  in  the  position  represented  in  Fig.    3,tiie 

horizontal  plane  II  being 
below  tlie  object,  and  the 
vertical  plane  V  being  be- 
side tlie  object.  We  then 
projected  down  to  the 
iiorizontal  plane  and  repre- 
sented there  the  object  as 
it  would  appear  if  seen 
squarely  in  the  direction 
indicated  by  arrow  A.  We 
next  projected  into  the 
vertical  plane,  and  repre- 
sented the  object  as  it 
would  appear  if  the  line  of  vision  took  tlie  direction  of  the  arrow 
B.  Our  planes,  with  the  horizontal  and  vertical  projections  of  the 
object  on  them,  when  laid  out  flat,  as  a  sheet  of  i)aper  is  when  we 
actually  draw  on  it,  would  appear 
as  in  Fig.  4,  the  horizontal  projec- 
tion, or  top  view,  being  underneatJi. 
the  vertical  projection,  or  side 
view.  This  is  the  practice  fol- 
lowed by  some  diaftsmen  in  mak- 
ing working  drawings.  Many  of 
the  best  draftsmen,  however,  think 
that  it  is  not  as  clear  and  conven- 
ient to  have  the  top  view  of  the 
object  underneath  the  side  view, 
but  that  it  is  better  to  have  the 
view  of  the  top  above  the  other 
view.  Consequently,  it  is  becom- 
ing more  and  more  a  general  cus- 
tom to  suppose  the  planes  to  be 
transparent  and  to  be  located  with  respect  to  the  piece  which  is 
being  drawn  as  shown  in  Fig.  5,  the  H  plane  being  above  the 
object  and  the  V  plane  in  front  of  the  object.  They  then  draw 
on  the  H  plane  the  object  as    it    appears    when    looking   at   it 
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through  the  transparent  plane  in  the  direction  indicated  by  arrow 
C,  and  on  the  V  phme  tlie  object  as  it  apiiears  when  looking  in 
direction  of  arrow  D.  Now,  when  the  two  planes  are  laid  out 
flat,  the  top  view  is  above 
the  side  view,  as  in  Fig.  6 . 
Another  way  of  show- 
ing this  is  to  suppose  the 
object  to  be  located  in  a 
transparent  box,  and  that 
we  look  at  it  from  the  top 
and  the  various  sides  of 
the  box,  and  draw  on  these 
sides  the  object  as  it  ap- 
pears from  tliat side.  Then, 
if  the  sides  of  the  box  are 
laid  out  flat,  the  side  view 
will  come  in  the  middle,  with  tlie  top  view  above,  the  view  of 
the  bottom  underneath,  tlie  view  of  the  right-hand  side  on  the 
right,  and  the  view  of  the  left-hand 
side  on  the  left. 

From  now  on,  in  our  work  on 
drawing,  we  shall  follow  tliis 
rule. 

Cross^sections.  Very  often 
it  occurs  that  a  piece  is  hollow  and 
the  inside  construction  is  more  or 
less  complicated,  so  that  if  in  the 
drawing  the  outside  view  is  shown, 
with  the  invisible  interior  drawn 
in  dotted  lines,  the  latter  are  so 
confused  that  the  drawing  is  not 
easily  understood.  For  this  reason 
it  is  often  convenient  to  imagine 
the  piece  to  be  cut  open,  and  to 
IS  if  we  were  looking  directly  at  the  inside.  Such 
of  a  piece  is  called  a  cross-section  of  the  piece.     The 
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material  which  must  be  cut  if   the    object  were  actually  split 

open  is  then  crosshatehed,  different  kinds  of  crosshatchino;  being 
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useil  for  tlifferent  materials.      Fig.    7    shows  the  kinds  of  cross- 
hatching  ill  ordinary  use. 

Fig.  8  shows  a  phm  and  ekn'atiou  of  a  simple  piece  with  a 
hole  through  it,  tlie  liole  being  sliown  in  tiie  elevation  hy  dotted 
lines.  Fig.  9  shows  a  plan  and  a  cross-section  of  the  same  piece, 
the  cross-sectiou  being  d'-awn  as  if  we  were  looking  in  the  same 
direction  as  in  the  elevation  of  Fig.  8,  but  in  Fig.  9  tlie  front 
half  is  stipposed  to  be  cut  away  and  we  are  looking  at  tlie  inside 
of  the  back  half.     It  will  be  observed  that  even   on  a  piece  as 


simple  as  the  one  hero  shown,  the  shape  of  the  interior  is  much 
clearer  from  the  cross-section  than  from  the  elevation,  and  on  a 
more  complicated  piece  the  same  will  be  true  to  a  greater  extent. 

It  should  be  borne  in  mind  that  ordinarily  in  making  a  cross- 
section  we  show  not  only  those  parts  of  the  object  which  lie  in  ' 
the  plane  in  which  it  is  supposed  to  be  cut,  but  also  all  which  lie 
back  of  that  plane. 

Sometimes  it  is  desirable  to  show  the  inside  an<l  the  outside 
of  a  piece  on  the  same  view.  Fig.  10  shows  the  same  piece  as  in 
F'ig.  8,  but  in  Fig  10  the  left-hand  half  of  the  lower  view  is  an 
elevation  and  the  right-hand  half  is  a  cross-section,  the  section  and 
the  elevation  each  extending  to  the  center  and  being  separated  by  ' 
a  center  line.  This  is  as  if  one-quarter  of  it  were  cut  away,  the 
cuts  being  made  along  the  lines  C  A  and  C  B  of  the  plan  view. 

Of  course  this  combination  of  an  elevation  and  cross-section  i 
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can  be  used  oiilv  when  tlie  right-liaiul  ami  left-liaial  halves  of  tlie 
piece  are  alike. 

Shade  Lines.  In  order  to  make  drawings  easier  to  read,  and 
to  make  the  parts  of  tlie  object  stand  out  more  clearly,  shade  lines 
are  often  put  on  the  drawing.  The  general  principle  which 
deterniiues  what  lines  shall  be  shade  lines  is  the  same  as  that 
which  governs  shade  lines  already  studied  under  the  subject  of 
projections.  If,  however,  this  theoretical  principle  were  to  be 
followed  out  exactly  on  drawings  of  machines,  and  other  coinpli- 
c^ited  drawings,  it  would  involve  a  great  deal  of  time  and  labor. 


ctT^ 

-V 

Fig-    8.  Fig.    9. 

Consequently,  most  draftsmen  place  shade  lines  on  all  lines  which 
represent  lower  and  right-hand  edges  if  these  edges  are  sharp. 

The  contour  linss  of  cylinders,  cones  and  other  rounded  sur- 
faces should  not  be  shade  lines,  although  some  draftsmen  shade  them. 
If  the  cylinder  is  drawn  in  cro.ss-section,  however,  the  edge  should 
be  shaded,  as  the  intersection  of  the  plane  and  cylindrical  surface 
is  a  sharp  edge. 

All  views  are  shaded  alike,  and  both  aie  shaded  as  though 
they  were  elevations.     The  ray  of  light  is  su|)posed  to  come  ovei 
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tlio  left  sliouUler  of  tlie  dniftsnian,  as  lie  faces  tbo  paper,  at  such 
an  anirle  that  tlie  projection  of  the  ray  of  lij^lit  on  the  dniwing 
j)a])er  is  in  the  direction  of  the  arrow  in  Fig.  11. 


1 

Fig.  10. 


Fig.  11. 


Figs.  11  to  18  show  some  of  the  most  coiniaon  shapes  met 
with  in  drawings,  and  illustrate  how  the  shade  lines  are  placed  on 
each.     Ficr.  11  is  an  elevation,  plan,  and  side  view  of  a  rectangular 


prism  with  a  smaller  one  resting  on  top  of  it.  Fig.  12  is  a  plan 
and  side  view  of  a  rectangular  prism  with  a  rectangular  hole 
through  it.  It  is  to  be  noticed  that  the  shade  lines  come  on  the 
upper  and  left-band  sides  of    the  hole,  since  these  lines  are  the 
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lower  and   rigiit-liaiid   edges    of    the    material   whicli  surrounds 
'  the  hole.     Fig.  13  is  a  plan  and  side  view  of  a  rectangular  prism 

with  one  corner  rounded,  and  with  a  cylinder  resting  on  it.  Here 
'  the  lines  A  B  and  C  D  are  not  shaded,  since  they  are  the  contour 
1  lines  of  curved  surfaces.  In  the  plan 
I  view,  the  lower  right-hand  part  of  tlie 

circle,  between  X  and  Y,  is  shaded. 
I  To  find  these  points  X  and  Y,  draw  two 

lines  tangent  to  the  circle  and  making 
I  an  angle  of  45°  with  tlie  T-square  line 

as  sho^vn  by  the  arrows;  X  and  Y  are 
I  the  points  where  the  arrows  are  tangent 
i  to  the  circle.  Fig.  14  is  a  plan,  eleva- 
I  tion  and  cross-section  of  a  cylinder. 
I  Here,  in  the  plan,  the  larger  circle  is  shaded  on  the  lower  side, 

and  the  circle  which  represents  the  hole  is  shaded  on  the  upper 

side.     The  points  where  the  shade  begins  are  detel-mined  as  ex- 
I  plained  for  Fig.  13.     The  lines  M  N  and  O  P  are  shaded  since, 


as  the  cylinder  is  supposed  to  be  cut  open,  these  lines  now  repre- 
sent sharp  edges.  Fig.  1-5  is  a  plan,  elevation  and  side  view  of  a 
hexagonal  prism  with  its  long  diameter  parallel  to  the  bottom  of 
the  paper.  Fig.  10  is  the  same  except  that  here  the  short  dianietei 
of  the  prism  is  parallel  to  the  bottom  of  the  paper.  Fig.  17  is  a 
plan  and  end  view  of  a  rectangular  block  with  a  wide  slot  of  the 
shape  H  IJ  K  M  L  O  N,  cut  through  it  lengthwise.  The  main 
point  to  which  attention  should  be  ealli-d  here    is  that  the  line 
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C  D  is  sliadeil,  altlinugli  tlic  slot  might  be  so  deep  tliiifc  the  hght 
might  not  strike  in  there  l>ee:uise  of  tiie  sliadoW  of  Uio  proji'ctiug 
lip  marked  in  the  side  view  G  II  I.  I'ig.  18  is  a  cross-section  and 
end  view  of  a  uircnhir  cylinder  witli  a  large  liole  extending  part 
way  through  and  a  smaller  hole  extending  the  rest  of  the  way. 
The  small  circle  in  the  end  view  is  .shaded,  altliongh  it  is  so  far  in 
that  no  light  coidd  strike  it. 

The  stndrnt  slinidd  stuilv  thesi>  figures  canfiilly,  and  hcfore 


leaving  them  should  understand  what  cacdi  figure  means  and  how 
the  shade  lines  are  determined,  so  that  when  he  meets  similar 
forms  ill  machine  drawings  he  may  know  where  the  shade  line? 
should  he  placed. 

•      Dimensions.     In  giving  the  distance  from  one  line  to  another, 
a  dimension  line  is  drawn  hetween  the  two  lines  and  arrowheads 


Fig.  18. 


are  placed  at  each  end  of  the  dimension  line ;  the  points  of  the 
arrowheads  being  exactly  on  the  lines  to  which  the  measurement 
us  being  given.     At  a  convenient  place  between  the  arrowheads  a. 
space  is  left  in  the  dimension  line  for  the  figure. 

Fig   19  is  a  plan  and  elevation  of  a  rectangular  piece  with  a 
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cyliiuler  on  the  center  of  its  npper  surface,  and  witli  four  holes 
tlirough  it;  the  holes  being  symmetrically  located  witli  respect  to 
the  center Jine  of  the  piece;  that  is,  the  holes  A  and  B  are  just  as 
far  above  the  center  line  E  F  as  C  and  D  are  below  it,  and  the 
holes  H  and  D  are  just  as  far  to  tlie  right  of  the  c-^nter  line  G  H 
as  A  and  C  are  to  the  left  of  it.  The  fact  that  the  cylinder  is  on 
the  center  of  the  rectangular  piece  is  shown  by  tlie  lines  E  F 
and  G  H  being  drawn 
through  the  center  of 
the  circle  in  the  plan 
view,  these  lines  being 
the  center  lines  both  of 
the  cylinder  and  of  the 
rectangular  piece.  If 
the  cylinder  were  not 
on  the  center,  two  other 
center  lines  would  be 
drawn  thiough  the  circle 
and  the  dimensions 
given  from  each  of 
these  lines  to  the  center 
lines  of  the  rectangular 
piece,  or  to  the  edges  of 
the  piece.  The  fact 
that  the  holes  are  sym- 
metrically  located  is 
shown  by  the  dimen- 
sions being  given  be- 
tween the  center  lines 
of  the  holes  and  no 
dimensions  being  given  from  these  center  lines  to  the  center  lines 
of  the  piece. 

Fig.  20  shows  how  the  j^iece  might  be  dimensioned  if  the 
cylinder  were  not  on  the  center  of  tlie  rectangular  piece  and  tlie 
holes  were  not  symmetrically  located  with  respect  to  the  center 
,of  the  rectangular  piece. 

If  the  centers  of  a  set  of  holes  are  so  located  that  a  circle  can 
be  drawn  through  tliem,  we  always  locate  the  holes  by  drawing  a 
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center  Hue  circle  tliroufjli  their  centers  and  giving  tiie  diiiineterot 
tliis  circle,  and  if  no  other  dimension  than  this  is  given  for  the 
h)cation  of  the  holes,  it  is  understood  that  they  are  equally  spaced 
around  this  circle.  Fig.  2l  illustrates  tliis.  If  the  holes  are  not 
eipially  spaced  around  the  circle,  they  niay  he  located  as  shown  in 
Fig.  22. 

])iametei-s  of  circles,  and  of  arcs  of  circles  which  are  greater 
than  semicircles,  should  be  given  rather  than  radii,  hut  if  the  arc 
of  the  circle  is  less  than  a  semicircle,  its  radius  shoidd  he  given. 

Fig.  23  sliows  how  this 

should    be   done    when 

tlie    radius    is    large 

enougli  to  permit ;  but 

if  the  radius   is   small, 

or  the  dimensions  would 

interfere  with  other 

-M  parts  of  the  drawing,  it 

I    may    be     done     as     in 

I    Fig.  24. 

I  In  Fig.  28  a  small 

circle  is  drawn  (free 
hand)  around  the  center 
about  which  the  arc  is 
drawn,  and  a  dimension 
line  carried  from  the 
edge  of  this  circle  to  the 
arc ;  an  arrowhead  being 
placed  on  the  arc,  and 
the  figures  placed  in  the 
dimension  line  in  the 
usual  way.  In  this  case 
it  is  not  necessaiy  to  put 
the  letter  R  (abbreviation  for  radius)  after  the  dimension.     In 


Fig.  20. 


the  two  methods  shown  in  Fig.  24  the  R  should  be  placed  after 
the  figures. 

In  putting  dimensions  on  a  drawing,  the  figures  should  be 
placed  to  read  from  only  two  sides  of  the  paper,  usually  from  the 
bottom  for  dimension  lines  which  are  liorizontal,  as  the  2^"  dimen- 


JIECnAN^ICAL     DRANYING. 


15 


Bion  ill  Fig.  20,  and  from  the  riglit  hand  for  dimension  lines  wliich 
are  vertical,  as  the  2]"  dimension  in  the  same  figure.  Dimensions 
should  never   be  placed  on  center  lines  if  it  can  be   avoided. 

If  a  dimension  is  given  in  one  view  of  an  object,  the  same 
dimension  need  not  be  repeated  in  the  other  views. 

lu  putting  ou  fractious  it  is  better  to  have  the  line  which 


Fig.  21. 


divides  the  numerator  and  denominator  of  the  fraction  extend  in 
the  same  direction  as  tlie  dimension  line  rather  than  at  an  angle; 
that  is,  the  fraction  woidd  ai)pear  thus,  i,  rather  than  ^ l„. 

Finished  Surfaces.     Since  a  woiiing  drawing  is  not  only  to 


W 


Fig.  -io.  Fig.  24. 

show  the  shape  and  size  of  the  object  which  it  represents,  but  is 
to  describe  it  completely,  it  is  essential  that  there  should  be  some 
means  of  distincruishing  between  the  surfaces  of  the  object  which 
are  to  be  left  rough  as  they  come  from  the  forge  or  from  the 
foundry,  and  the  surfaces  which  are  to  be  liuished.      Auv  surface 
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whicli  lia3  been  smootlu'd  ofT  in  a  lathe,  pluner,  or  any  macbine 
tool,  or  liii3  been  filed  or  scraped,  is  called  a  finished  surface,  and 
is  indicated  ou  a  drawing  by  a  letter  placed  on  the  ciJije  viao  of 
this  Eurface.  In  Fig.  19  the  whole  of  the  cylindrical  part  is 
finished,  also  the  top  of  the  rectangular  part.  Tlie  holes  are  also 
finished.  The  student  should  notice  carefully  how  the  finish 
marks  are  used  to  indicate  this  fact. 

If  a  piece  is  to  bo  finished  all  over,  it  should  be  marked  "_/ 
all  over."  If  it  is  desired  to  specify  what  kind  of  finish  is  to  be 
put  on  a  surface,  that  is,  whether  rough  turned,  smooth  turned, 
filed,  scraped,  etc.,  a  note  may  be  made  to  that  effect. 

On  some  conspicuous  place  on  the  drawing  the  words  "/ 
means  finish"  should  be  printed,  so  that  there  maybe  no  mis- 
understanding on  the  part  of  a  person  examining  the  drawing. 

Material.  Tlie  material  of  which  the  piece  is  to  be  made 
should  be  indicated  plainly.  If  any  part  of  the  drawing  is  a 
cross- section,  the  Crosshatch ing  might  show  the  material,  provided 
that  in  some  conspicuous  part  of  the  drawing  a  sam])le  of  the 
crosshatching  is  shown  and  the  material  which  it  represents  is 
stated.  It  is  better,  however,  to  mark  on  or  near  each  piece,  in 
plain  letters,  the  material  of  which  it  is  to  be  made. 

Conventional  Methods.  In  drafting,  as  in  many  other  kinds 
of  work,  all  unnecessary  labor  should  bo  avoided.  The  drawing 
should  give  the  instructions  clearly,  but  need  not  be  so  elaborate 
as  to  require  unnecessary  time  in  the  execution.  It  frequently 
happens  that  if  an  exact  drawing  were  made  representing  every 
line  of  the  object,  a  great  deal  of  time  would  be  required.  Accord- 
ingly, if  there  is  any  way  of  representing  an  object  by  a  few  lines 
only,  without  sacrificing  clearness,  it  should  be  used.  There  are 
many  details  such  as  screw  threads,  springs,  bolts,  etc.,  which  occur 
so  frequently  on  nearly  all  drawings  that  easy  methods  of  repre- 
sentation have  been  universally  adopted.  In  some  cases,  these 
ways  of  representing  objects  are  approximations  of  the  exact  draw- 
ings and  in  other  cases  they  are  not.  Such  methods  are  called 
conventional  methods,  or  conventions.  For  some  details  there  is 
more  than  one  convention,  but  the  same  convention  should  not  be 
used  for  two  different  things,  nor  should  several  objects  of  the 
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same  kind  on  the  same  drawing  be  represented  conventionally  by 
two  different  methods. 

Screw  Threads.  The  exact  drawing  of  screw  threads  is  a  dith- 
cult  jiart  of  mechanical  drawing,  but  enough  attention  will  be  given 
it  here  to  enable  the  student  to  make  a  simple  working  drawing 
which  includes  threads.  The  common  conventional  way  of  draw- 
ins  a  thread  is  shown  in  Figs.  25,  26  and  27,  Fie.  25  being  a 
single  right-hand  thread,  and  Fig.  20  a  double  right-hand  thread. 


First,  the  plain  cylindrical  piece  ABCD  is  drawn  as  if  there  were 
no  threads  upon  it.  The  thread  is  then  indicated  by  the  lines  EC, 
FII,  etc.,  witu  the  shorter  and  heavier  lines  between.  The  lighter 
lines  are  all  parallel  and  the  same  distance  apart.  This  distance  is 
not  necessarily  the  same  as  the  actual  pitch  of  the  thread  on  the 
screw  itself,  but  is  usually  g^^  inch  or  J  inch  on  drawings  of  com- 
nion  sizes  of  bolts.  The  heavy  lines  are  parallel  to  the  lighter 
ones  and  midway  between  them.  The  angle 
which  the  lines  make  with  the  center  line  of 
the  screw  depends  on  the  distance  apart  of 
the  lines,  the  slant  being  such  that  for  a 
single  thread,  Fig.  25,  a  line  perpendicular 
to  the  center  line  through  one  end  of  one  of 
the  lighter  lines,  as  E,  will  strike  the  oppo- 
site contour  of  the  screw  DC,  at  a  point  K,  ^'^"  "^' 
which  is  half  way  between  C  and  II.  To  draw  the  lines  so  that 
they  will  have  this  slant,  choose  the  distance  FE,  which  is  to  rep- 
resent the  pitch,  and  space  i-t  off  on  either  of  the  contour  lines, 
as  Al!.  Btartiihg  anywhere  (in  the  figure  the  starting  point  K  is 
one-half  of  the  distance  FE  away  from  13).     Next,  draw  EK  per- 
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pendicular  to  the  center  line,  thus  finding  point  K,  and  start  the 
spacing  on  the  contour  CD  at  a  distance  either  side  of  K  equal 
to  A  FE. 

The  lighter  lines  can  thus  be  drawn  and  the  heavy  lines  put 
in  parallel  and  half  way  between.  The  heavy  lines  should  be  a 
little  shorter  tlian  the  others,  and,  for  the  sake  of  neatness,  all 
should  be  of  the  same  length.  The  double  thread,  Fig.  20,  ig 
drawn  similarly  to  tlio  single  thread,  exeej)t  that  the  slant  is  such 
that  the  perpendicular  through  E  will  pass  through  H. 

After  a  little  praet lee  thestiulent  can  draw  the  tlireads  in  this 
way  with  his  triangles,  getting  the  proper  slant  and  the  angle 
spacing  by  eye,  without  the  necessity  of  measuring;  he  should 
practice  with  this  end  in  view,  for  threads  occur  so  frequently  on 
drawings  that  the  draftsman  must  be  able  to  draw  them  rapidly. 


Fig.  23. 

Notice  should  be  taken  of  the  fact  that  if  the  page  be  held  so 
that  tlio  center  lines  of  the  screws  in  Figs.  So  and  20  are  vertical, 
the  lines  which  represent  the  threads  slant  downward  from  right 
to  left.  If  the  thread  is  left-handed  the  lines  slant  from  left  to 
riirht,  as  in  Fijj.  27. 

In  case  of  a  long  screw  a  few  threads  may  be  represented  at 
each  end  and  dotted  lines  carried  the  rest  of  the  way,  as  in  Fig.  28. 

On  any  drawing  of  a  screw  wliich  is  intended  for  a  working 
drawing,  the  pitch  of  the  thread,  or  more  commonly  the  number 
of  threads  for  an  inch  of  length  should  be  specified;  when  the 
thread  be  standard,  it  is  not  always  necessary  to  specify.  Even  in 
that  case  it  is  well  to  state  the  fact  that  the  thread  is  standard.  In 
giving  the  number  of  threads  per  inch  it  may  be  abbreviated,  thiis 
12  THDS,  or  12  TH.   Examples  of  this  will  occur  in  what  folIo\<  s. 

Threaded  Holes  and  Invisible  Threads.  Fig.  29  shows  a 
piece  with  a  threaded  hole  in  it.  The  liole  is  represented  in  the 
side  view  by  the  four  parallel  dotted  lines.  The  distance  apart  of 
tlie  two  outer  lines  is  equal  to  tlie  diameter  of  the  piece  which  is 
to  be  screwed  into  the  hole.     The  inner  lines  are  at  a  distance  from 
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.i-A.^ 

Fig.  29. 


tlif  outer  approximately  equal  to  the  depth  of  the  thread.     In  the 

plan  view  of  the  piece  (that  is,  the  view  looking  at  the  end  of  the 

hole)  the  hole  is  shown  by  a  full 

circle  of  a  diameter  equal  to   the 

distance  apart  of  the  inner  dotted 

lines  of  the  other  view,  and  around 

this  full  circle  a  dotted  circle  whose 

diameter  is  equal  to  the  diameter 

of   the    bolt;  or,  in    other   words, 

equal  to  the  distance  apart  of  the 

outer  dotted  straight   lines.     The 

dimension  might  be  given  on  either 

view.     In  the  figure  it  is  given  on 

the    side    view.        In    giving    the 

diameter  of  a  threaded    hole,  the 

diameter  of  the  piece  which  is  to 

be  screwed  into  the  hole  is  always 

given.     In  Fig.  29,  the  number  of  threads  per  inch  is  not  stated, 

and  in  this  case  it  would  be  understood  to  be  standard.     Fig.  30 

shows  another  way  of  dimensioning  a  tapped  hole,  which  is  satis- 
factory and  convenient. 

Fig.  31  shows  the  side  view 
of  the  same  piece  as  Fig.  29, 
with  a  part  of  the  screw  inserted 
in  the  hole.  Attention  is  called 
to  the  fact  that  where  the  screw 
is  hidden  as  it  goes  through  the 
hole  the  thread  is  not  shown, 
the  parallel  dotted  lines  repre- 
senting the  thread  in  the  same 
manner  as  when  the  bole  had  no 
screw  in  it.  Another  point  to 
be  noted  is  that  the  cross-hatch- 
ing of  the  broken  ends  for 
wrought  iron  is  similar  to  the 
representation     of     the     screw 

thread  and  one  must  barn  to  judge  when  the  light  and  heavy 

lines  mean  a  tiiread  and  when  they  are  cross-hatching. 
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Threads  in  Sectional  Pieces.  Figs.  32,  33  and  '.H  illustrate 
the  coininon  method  of  repivsentiug  threads  when  they  occur  on 
pieces  which  are  drawn  in  cross-section.  Fig.  32  is  the  same 
piece  as  Fig.  2'.\  shown  cross-sectioned.     The  front  half  of  the 

piece  is  supposed  to  ho  removed 
and  we  are  looking  at  the  back 
half.  Now  the  thread  on  the 
back  side  of  a  screw  slants  the 
oj)posite  way  from  what  it  doerf 
on-  the  front  side,  and  of  course 
the  same  is  true  of  the  thread  in 
:i  tapped  hole.  Consequently, 
since  it  is  the  back  side  of  the 
hole  wliich  is  seen,  the  slant  of 
the  lines  which  represent  the 
thread  is  opposite  to  the  direc- 
tion they  would  have  were  we 
looking  at  the  front  side  of  the 
We  have  just  learned  that  for  a 


Fig.  3L 


screw  which  goes  into  the  hole 
right-handed  thread  on  a  screw  the  lines  slant  downward  from 
rigiit  to  left,  and  therefore  for  a  right-handed  thread  seen  on  the 
back  side  of  a  tapped  hole,  the  lines  will  slant  downward  from 
left  to  right.  In  other  words,  for  a  right-handed  thread  in  a  hole 
which  comes  in  a  cross-section,  the  lines  slant  the  same  as  they 
would  on  the  front  of  a  left-hand 
til  read  on  a  bolt;  and  for  a  left- 
hand  thread  in  a  sectioned  hole, 
he  slant  is  the  same  as.  for  a 
right-hand  thread  on  a  bolt. 

Fig.  38  is  a  piece  which  has 
a  smooth  hole  through  it  and  a  ^'''g-  32. 

thread  on  the  outside.  Here  the  entire  thread  is  invisible,  except 
at  the  contour  of  the  cylinder,  and  must  be  indicated  by  the 
notches.  These  are  drawn  by  spacing  off  the  distance  which  is 
used  for  the  pitch  and  from  the  points  thus  founa  drawing  lines 
with  the  ti'iangle  which  make  an  angle  of  00  degrees  with  the  axis 
of  the  cylinder.  For  a  single  thread  the  notches  on  one  side  liave 
their  outer  points  opposite  the  inner  points  of  the  notches  on  the 
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other  side.     For  a  double  thread  the  notches  are  directly  opposite 
each  other. 

Fig.  34  shows  two  ways  of  quarter-sectioniug  a  threaded 
piece,  the  only  difference  being  that  on  one  the  contour  of  tho 
sectional  part  is  drawn  a  straight  line,  while  on  the  other  the 
contour  is  notched.  Either  one  may  be  used.  The  straight 
contour  can,  of  course,  be  drawn  much  more  quickly  and  in  places 
where  there  is  no  danger  of  sacrificing  clearness  it  should  be  used 
for  that  reason.  If  the  drawing  is  somewhat  complicated,  so  that 
without  the  notches  it  might  not  be  quite  clear  that  the  piece  was 
threaded,  the  notches  should  be  used. 


Fig.  a?. 


Fig.  34. 


As  has  already  been  suggested",  the  student  will  doubtless 
find  many  other  customs  in  the  mattei  of  drawing  threads  which 
are  quite  as  good  as  the  abore.  These  have  been  given  as  ones 
which  are  common,  and  easily  drawn.  As  a  matter  of  convenience 
the  following  tables  are  given,  which  show  the  number  of  threads 
per  inch  on  some  of  the  most  common  sizes  of  bolts,  according  to 
the  standard  adopted  by  tho  United  States  Government,  and  the 
"Whitworth  or  English  standard. 

UNITED  STATES  STANDARD  SCREW  THREADS. 


Diameter 

Threads 

Diameter 

Threads 

Diameter 

Threads 

of  Bolt. 

per  Inch. 

of  Bolt. 

per  Inch. 

j      of  Bolt. 

per  Inch. 

k 

20 

11 

1  •'' 

■^8 

6 

t« 

18 

1 

10 

u 

6 

t 

16 

7 

s 

9 

'a 

r,;, 

i' 

U 

1 

8 

5 

4 

13 

u 

7 

-•d 

5 

^6 

12 

n 

7 

2 
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WHITWORTH  STANDARD  SCREW  THREADS. 


Diameter 

Threads 

of  Bolt. 

per  Inch,   i 

k 

20 

s 
T6 

18 

H 

16 

l'« 

U 

4 

12 

■V 

12 

Diameter 
of  Bolt. 


Threads 
per  Inch. 


Diameter 
of  Bolt. 


Threads 
per  Inch. 


6 
6 
5 

4i 
4 


Bolts  and  Nuts.  Among  the  most  common  pieces  of  ma. 
cliinery  are  bolts  and  nuts,  and  the  druft.snian  has  frequent  occasion 
to  draw  them.  Fig.  35  is  a  conventional  drawing  of  a  ^-inch  bolt 
with  a  hexagonal  head  and  nut.  This  figure  shows  the  dimensions 
necessary  to  be  given  in  order  that  a  workman  shall  be  able  to 
make  the  bolt  from  the  drawing. 


13   TH. 

Fig.  3,1 

Beginning  with  the  head  of  the  bolt,  let  us  study  the  various 
parts  of  this  drawing  in  detail.  The  head  is  a  hexagonal  prism  the 
end  of  which  has  been  chamfered.  We  might  expect  that  two 
views  of  the  head  would  be  necessary  to  completely  define  its  shape, 
but  the  letters  HEX  printed  after  the  dimension  for  the  diameter 
of  the  head  indicates  that  it  is  hexagonal.  In  like  manner,  if  the 
head  were  square  the  letters  SQ  would  be  placed  after  the  dimen- 
sion.  If  two  views  were  drawn,  they  would  appear  as  in  Fig.  36 
The  head  is  drawn  as  if  the  tool  which  cut  the  chamfer,  cut  off  just 
the  corners  of  the  top,  bo  as  to  make  the  top  a  circle  tangent  to  the 
sides  of  the  hexagon  at  B,  E,  G,  etc.;  the  parts  BCE,  EFG,  etc.. 
being  portions  of  a  cone  or  sphere  according  to  the  manner  of 
chamfering.     The  curves  ABC  and  CEF  are  tangent  to  the  line 
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GK  in  the  side, view,  and  the  lines  AJ,  CD,  and  FH  are  all  equal 
in  length.  The  curves  ABC  and  CEF  are  properly  the  lines 
of  intersection  of  a  cone  or  sphere,  as  the  case  may  be,  with  the 
hexagonal  prism,  but  a  convenient  and  sufficiently  accurate  M-ay  of 
drawino-  them  is  by  arcs  of  circles  with  the  center  on  the  line  HJ, 
half  way  between  HD  and 
DJ, as  indicated.  Thecham- 
fer  is  represented  in  the  end 
view  by  a  circle  inscribed  in 
the  hexagon. 

It  will  be  noticed  that  in 
Fig.  3o  that  view  of  the  head 
is  given  which  shows  two 
faces  of  the  prism,  so  that 
the  shortest  dimension  of  the 
hexagon  is  given.  That  is, 
the  view  is  taken  in  the  direction  of  the  arrow  L,  Fig.  SH,  instead 
of  in  the  direction  of  the  arrow  M. 

This  rule  should  be  followed  ou  all  detail  drawings.    The  case 
when  it  is  desirable  to  m^e  a  view  in  the  direction  of  the  arrow  M 

o 

will  be  discussed  later. 

Sometimes  it  is  desired 
to  represent  the  chamfer  as 
being  greater,  as  in  Fig.  37. 
To  do  this,  draw  the  end  view 
of  the  hexagon  and  inside 
it,  of  a  diameter  as  much 
smaller  as  desired,  draw  the 
circle  PNLO.  Next  draw 
the  side  view  of  the  hexa- 
gonal prism  as  if  there  were 
no  chamfer,  as  shown  at  the  right  (partly  in  dotted  lines).  Then 
from  P  and  L,  the  upper  and  lower  points  of  the  circle  in  the 
other  view,  draw  lines  perpendicular  to  RS  and  meeting  it  at  P 
and  L.  From  P  and  L  draw  PG  and  LK,  either  at  an  angle  of 
-15  degrees  or  30  degrees  (the  latter  being  preferable)  witii  ES, 
and  meeting  the  lines  PU  and  SJ  at  G  and  K.  Join  G  and  K 
by  a  construction  line  GK  (shown  dotted  but  not  to  be  left  in  the 
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finished  drawin<T).     Draw  the  arcs  ABC  and  CEF  with  center  on 

line  IIJ  as  shown,  and  tangent  to  GK. 

Fig.  38  shows  the  proper  way  of  representing  the  head  wliich 

was  shown  in  Fig.  36  if  the  view  is  taken  in  the  direction  of  tlie 

arrow  M.     The  dotted  construction  h'nos  show  how  the  widths  are 

obtained.     Fig.  39  shows  the  corresj)ondiiig  view  of   the  head 

shown  in  Fig.  37.  The  radius  with  which  tlie  middle  arc  repre- 
senting the  chamfer  is  drawn  in 
these  two  figures  is  apparent. 
A'^arious  rules  are  given  for  lind- 
iiig  a  radius  for  small  arcs,  but 
they  can  be  found  near  enough 
by  trial,  after  a  little  experience. 
The  line  TV,  Fig.  39,  to  which 
the  tops  of  the  arcs  are  tangent, 
is  drawn  parallel  to  RS  and  at  a 
distance  fromitequal  to  EG  in 
rig.  37. 
The  nut,  Fig.  35,  is  drawn  in  exactly  the  same  way  as  the 

ht'ad,  so  that  what  has  just  been  said  will  apply  equally  well  to 

the  nut.     The  hole  in  the  nut  is  indicated  by  the  four  parallel 

dotted  lines  as  explained  for  Fig.  29, 

ITie  shank  of  the  bolt  is  represented  with  the  thread  upon  it 

as  explained  above  for  conventional  threads.     The  point  is  drawn 

chamfered  a  little  in  the  ficrure, 

so  that  it  appears  as  the  frustum  ^ 

of  a  cone.      Bolts   often   have         ^''^- 

round  points,  in  which  case  they    T  /'' 

would  be  shown  as  in  Fig.  40.    j  ' 

The  lines  which  represent  the    '  . 

thread  should  not  cross  the  line    (^  \ 

which   is   drawn   square  across       ''^^^ 


RT 


Fig.  39 


the  bolt  to  indicate  where  the 
cliamfer  or  the  rounding  of  the 
point  begins. 

Fig.  41  shows  three  views  of  a  square  head  or  nut  with  cham- 
fer corresponding  to  that  on  the  hexagonal  head  in  Fig.  30:  and 
Fig.  42  shows  the  square  head  or  nut  chamfered  to  correspond  to 
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Warner  and  Swasey. 


^ 


MECUAKICAL  DRAWING 


25 


Fig.  37.  Refemni^  first  to  Fig.  41  the  arc  on  the  side  view  which 
shows  the  short  diameter  of  the  nut  is  drawn  with  a  radiu.s  A, 
equal  to  two  and  one-quarter  times  the  diameter  of  the  bolt  on 
which  the  head  or  nut  belongs.  The  arcs  on  the  other  side  view 
are  drawn  with  a  radius  B,  equal  to  one-half  of  A.  The  lines  EF 
are  drawn  from  points  E  tangent  to  the  arcs,  and 
it  will  be  found  that  the  points  of  tangency  will 
come  almost  at  the  points  where  the  arcs  cut  the 
lines  CD.  Points  E  are  found  by  projecting  from 
the  plan  view  as  indicated  by  the  dotted  lines.  In 
Fig.  42,  the  construction  is  similar.  The  points  N  are  first  found 
by  projecting  from  the  top  and  bottom  of  the  circle  in  the  plan 
view;  then  the  lines  NL  are  drawn  making  angles  of  30  degrees 
with  line  KN.  (The  proportions  for  the  radii  which  are  given, 
hold  good  only  when  the  angle  of  30  degrees  is  used).  Next  draw 
the  construction  line  LL  and  draw  the  arc  tangent  to  it  with  a 


radius  A  equal  to  two  &rA  one-quarter  times  the  diameter  of  the 
bolt, tie  same  as  in  y ig.  4I.  To  draw  the  chamfer  in  the  other 
side  view,  draw  the  construction  line  parallel  to  and  at  a  distance 
from  CC  euua'  to  the  aistance  LL  from  NN  and  draw  the  arcs 
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tangent  to  this  line  with  radius  B  equal  to  one-half  of  A.  The 
lines  EF  are  then  drawn  as  explained  for  Fig.  41. 

Referring  again  to  Fig.  35,  the  dimension  which  shows  the 
length  of  the  holt  under  the  head  should  he  given  to  the  extreme 
point  of  the  bolt,  as  should  also  the  dimension  which  shows  how 
much  of  the  bolt  is  threaded. 

Most  of  the  bolts  in  common  use  are  made  of  standard  sizes, 
that  is,  for  a  certain  diameter  of  bolt  there  is  a  corresponding 
standard  diameter  and  thickness  for  the  head  and  the  nut,  and  a 
standard  number  of  threads  per  inch,  so  that  if  the  bolt  which  the 


Fig.  4ii. 


draftsman  wishes  to  use  has  these  standard  dimensions  they  may 
be  omitted  from  the  drawing  and  a  note  made  that  the  bolt  is 
standard.  Then  the  only  dimensions  necessary  to  be  given  are  the 
diameter,  the  length  under  the  head,  and  the  length  of  the  threaded 
part. 

The  following  tables  give  the  United  States  standard  sizes  of 
square  and  hexagonal  heads  and  nuts  for  bolts.  The  columns 
headed  "\Yidth  of  Nut"  and  "Width  of  Head"  give  the  shortest 
dimension  of  the  square  or  hexagon,  that  is,  the  diameter  of  the 
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inscribed  circle.    The  standard  number  of  threads  per  inch  can  be 
found  from  the  table  already  given. 

SQUARE  BOLT  HEADS.   U.  5.  STANDARD  (Franklin  Institute). 
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HEXAGON  BOLT  HE/ 

\DS.  U.S.. 

STANDARD 

>  (Franklin 

Institute). 
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SQUARE  AND  HEXAGON  NUTS.     U.  S.  STANDARD 
(Franklin  Institute). 
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Pipes  and  Pipe  Threads.  The  various  kinds  of  ])ipe  in  com-  i 
mon  use  are  made  to  standard  sizes,  and  as  tlie  draftsman  verj 
often  conies  in  contact  with  piping  we  will  consider  it  briefly. 
The  kinds  most  often  used  are  wrought-iron  or  steel  pipe,  brass 
pipe  made  to  the  size  of  wrought-iron  pipe,  and  cast-iron  pipe_ 
The  cast-iron  pipe  is  made  of  different  weights  and  form,  accord- 
ing to  the  purpose  for  which  it  is  to  be  used.  Standard  weight 
iron  ])ipe  is  rated  by  its  nominal  inside  diameter,  although  the 
actual  diameter  does  not  in  most  cases  quite  agree  with  the  nom- 
inal diameter.  A  ^-inch  j)ipe  is  a 
pipe,  the  hole  in  which  is  sup- 
posed to  be  -^  inch  in  diameter, 
but  if  carefully  measured  it  will 
be  found  to  be  a  few  hundredths 
of  an  inch  larger. 

The  threads  on  pipes  and  pipe 
fittings  are  also  made  to  standard; 
tiips  and  dies  are  made  for  various 
sizes  of  pipe.  These  taps  and  dies 
are  spoken  of  or  descriljed  by  stat- 
ing the  size  of  the  pipe  for  which 
they  are  intended  For  example, 
a  |-inch  pipe-tap  is  a  tap  of  the 
proper  size,  shape,  and  number  of 
threads  per  inch  to  cut  the  thread 
in  a  hole  to  receive  a  |-inch  pipe. 
Threaded  holes  are  made  tapering  for  pipes,  the  standard  tapei. 
.being  |  inch  per  foot,  that  is,  the  diameter  of  the  hole  decreases 
at  the  rate  of  |  inch  per  foot.  In  representing  a  hole  which  if 
threaded  with  a  pipe  tap,  the  hole  is  drawn  of  a  diameter  at  it! 
larger  end  about  equal  to  the  outside  diameter  of  the  pipe  which 
is  to  be  screwed  into  it,  and  is  drawn  tapering.  It  is  well  to  makt 
the  taper  considerably  greater  than  the  actual  taper,  so  tliat  the 
person  looking  at  the  drawing  may  see  at  a  glance  that  tlie  hole  is 
for  a  pipe. 

The  thread  is  indicated  in  one  of  the  conventional  ways 
previously  explained,  but  the  number  of  threads  per  inch  and  thf 
diameter  of  the  hole  need  not  ))e  given;  instead,  a  note  '3  luadt 
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that  the  hole  is  tapjjeJ  for  a  eertain  size  pipe.     Fig.  43  illustratea 
this. 

The  following  tables  of  ataudards  fur  wrought-iron  pipe  may 
bo  found  convenient: 

STANDARD  SIZES  OF  WROUGHT  IRON  PIPE. 


Nominal  Size.        J 
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Diameter. 

2.875 

3.50     4.00 

4.50 

5.00 

5.563  6.625 

7.625 

8.625 

STANDARD  THREADS  FOR  WROUGHT  IRON  PIPE. 
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Size  of  Pipe. 

i 

i 

a 

4 

a 

1 

li 

IJ 

2 

Threads  per 
Inch. 

27 

18 

18 

14 

14 

Hi 

Hi 

111 

111 

Nominal 
Size  of  Pipe. 

2i 

3 

31- 

4 

4| 

5 

6 

7 

8 

Threads  per 
Inch. 

8 

8 

8 

8 

8 

s 

8 

8 

8 

Scale  Drawings.  Wlieii  the  object  which  is  to  be  drawn  is 
not  so  large  but  that  it  can  be  easily  actual  size,  or  full  size  ad  it 
is  called,  on  a  sheet  of  paper  which  is  of  convenient  dimensions, 
it  is  well,  usually,  to  draw  tlie  piece  full  size.  In  most  cases, 
however,  the  machine,  or  the  buildiiio-,  or  whatever  is  to  be  drawn 
is  so  large  that  it  would  be  impossible  to  draw  it  full  size.  Then 
the  drawing  is  made  to  some  reduced  scale,  that  is,  all  the  di- 
mensions are  drawn  smaller  than  the  actual  dimensions  of  the 
object  itself;  all  dimensions  being  reduced  in  the  same  proportion. 
For  example,  if  a  piece  is  to  be  drawn  half  size,  the  distance  from 
one  point  to  another  on  the  drawing  would  be  one-half  what  it  is 
on  the  piece  itself;  if  the  drawing  is  one-fourth  size,  the  distance 
on  the  drawing  would  be  one-fourth  what  it  is  on  the  piece  itself, 


30 


MECHANICAL  DRAWIN(} 


and  so  on.  In  diinens"oniii<T  such  a  drawing  tlie  dimension  wliich  ; 
is  written  on  tlio  drawing  is  the  actiinl  dinx'tixioit  of  tlio  piece,  ; 
and  not  tlio  distance  wliieli  is  measured  on  the  drawing.  Thifl  j 
tact  must  bo  very  clearly  understood  by  the  student.  , 

The  common  method  of 
reducing  all   the  dimen-  i 
sions  in  the  same  proper-  i 
tion  is  to  choose  a  certain  | 
distance  and  l^'t  that  dis-  ; 
tance  represent  one  foot,  | 
this  distance  is  then  di- 
vided    into   twelve   parts 
and  each  one  of  these  ]tarta  i 
rejiresents  an   incli;  then 
if  half  and  quarter  inches  , 
are  re(|nired  these  twilftha 
are  sul)divided  into  halves, ' 
quarters,   etc.,    until    the  . 
subdivisions    become    so 
small  that  they  cannot  be  ■ 
used.     We   now   have    a 
scale  which  represents  the 
common  foot  rule  with  its 
subdivisions    into  inches 
and  fractions;  but  our  ilew 
foot  is  smaller  than   the 
ordinary    distance   which 
we  call    a    foot,   and  of 
course  its  subdivisions  are 
proportionately     smaller. 
When  we  make  a  measure- 
ment on  the  drawing  we 
make  it  with  our  reduced 
foot  rule  and  when  we  make  a  measurement  on  the  machine  itself 
we  make  it  with  the  common  foot  rule. 

Draftsmen's  scales  can  be  bought  which  have  different  dis- 
tances thus  divided,  so  tliat  if  the  draftsman  wishes  to  draw  a. 
piece  one-fourth  size  he  looks  over  his  scale  until  he  finds  a  dis- 
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tance  of  three  inches  (which  is  of  course  one-fourth  of  a  foot) 
divided  as  explained  above,  and  he  uses  this  to  measure  with  on 
his  drawing.  His  drawing  MOTild  then  be  made  to  a  scale  of 
three  inches  to  the  foot.  In  the  same  way,  if  he  wishes  to  make 
his  drawing  one-twelfth  size  he  finds  on  his  scale  one  inch  divided 
into  twelfths  and  fractions  of  twelfths  and  uses  this  as  his  standard 
of  measurement;  if  he  wishes  to  make  his  drawing  one  forty- 
eighth  size  he  uses  a  quarter  inch  with  its  subdivisions.  Some- 
times if  the  piece  to  be  drawn  is  very  small,  the  drawing  is  made 
at  an  enlarged  scale,  such  as  twice  size,  three  times  size,  etc. 

The  mistake  of  choosing  the  wrong  distance  to  use  on  a  scale 
is  oi'teu  made.  For  example,  if  he  wishes  to  draw  a  piece  J  size, 
he  will  look  over  his  scale  for  a  place  marked  J,  and  use  this  for 
his  standard  for  4-  size,  which  is  Tv>'ong.  The  figure  oii  the  scale 
indicatts  the  distance  which  is  divided  up  to  represent  one  foot,  so 


Fig.  45.  Fig.  4(3. 

that  the  part  of  the  scale  which  has  ^  marked  on  it  means  that  ^ 
of  an  inch  is  divided  up  into  twelfths,  or  in  other  words,  if  a  draw- 
ing is  made  according  to  that  scale  it  will  be  -j^th  size. 

Every  drawing  which  is  made  at  any  other  scale  than  full 
size  should  have  the  scale  marked  on  it  plainly. 

Fig.  44  shows  a  piece  drawn  to  a  scale  of  ii  inches  per  foot, 
that  is,  ^  size. 

Long  Pieces.  A  piece  which  is  very  long  in  proportion  to  its 
diameter  or  width  is  often  difficult  to  draw  complete,  especially  if 
there  is  much  detail  to  any  part  of  it,  for  if  the  scale  is  made  so 
small  that  the  length  will  go  on  a  sheet  of  paper  of  convenient  size 
the  small  part  is  so  reduced  that  it  is  very  small.  If  such  a  piece 
is  plain  the  whole  or  part  of  its  length,  a  jiortion  of  the  plain  part 
may  be  broken  out  on  the  drawing  thus  shortening  the  drawing  of 
the  piece  so  that  a  larger  scale  may  be  used.  Of  course  in  giving 
the  dimension  for  the  length,  the  actual  length  must  be  given. 
.Fig.  45  shows  a  round  piece  thus  broken  out  and  Fig.  46  a  "ec 
tangular  piece. 
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It  is  a  good  idea  to  connect  by  dotted  lines  tbo  two  parts  tbns 
broken,  altbough  this  is  not  essential. 

"Turning  Up"  a  Section.  Sometimes  a  second  view  of  a  piece 
maj'  be  avoiili'd  by  drawing  on  the  first  view  a  partial  view  show- 
ing the  shape  of  tlie  cross-section  at  the  place  where  drawn.  This 
partial  view  or  "  tunied-up  section  "  may  bo  drawn  in  either  full  or 
dotted  lines  and  should  be  cross  hatched.  If  it  comes  where  there 
aro  otlier  lines  of  the  original  view,  as  is  usually  the  case,  the 
original  lines  would  be  drawn  in  regardless  of  the  fact  that  they 
conflicted  with  the  auxiliary  view.     Fig.  47  is  an  illustration. 

In  General.  A  working  drawing  will  usually  belong  to  one 
of  .ho  three  following  classes:-  ,1frKf,  a  design  of  an  entirely  new 
machine;  Sticoml,  a  drawing  of  a  machine  which  is  already  built; 
till  111,  a  drawing  of  a  new  part  to  fit  a  machine  which  is  already 
built,  or  a  drawing  of  an  old  machine  remodelled. 

In  order  to  design  a  new  macliino 
oi-  a  piirt  of  a  madiine,  the  drafUnian 
must   understand    the    ])rinciples    of 
drawing  and  must  also  have  a  clear 
Fig.  47.  understanding  of  tlie  work  which  the 

machine  is  to  perform,  and  must  know  something  of  the  principles 
of  machine  design  and  the  strength  of  materials.  A  stiidy  of  the 
general  manner  of  proceeding  with  the  drawing,  when  these  things 
are  known,  will  come  later  in  this  course.  The  draftsman  may 
make  a  drawing  of  a  machine  which  is  already  built,  even  if  he 
has  no  understanding  of  the  working  of  the  machine,  although 
under  such  conditions  he  works  at  a  great  disadvantage.  In  any 
case,  he  must  know  the  principles  of  drawing. 

If  the  student  has  learned  thoroughly  what  has  preceded  in 
this  course,  he  should  be  ready  to  take  up  the  drawing  from  a 
machine,  and  we  will  now  consider  the  general  system  to  be  fol- 
lowed in  makinjj  such  a  drawing. 

Sketches.  In  most  cases  it  would  be  inconvenient  for  the 
draftsman  to  take  his  drawing  board  and  instruments  to  the 
machine  and  make  his  careful  drawing  with  the  machine  close  at 
hand;  preferably,  he  makes  what  are  called  sketches,  carries  his 
sketches  to  the  drafting  room  and  makes  his  drawinfr  from  them. 
In  making  the  sketches,  each   piece  of  the  machine   should  be 
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iaken  separately  and  a  complete  working  drawing  made  of  it,  the 
only  difference  between  these  sketches  and  the  finished  drawing 
beinc  that  they  are  made  largely  without  the  use  of  instruments, 
triani^les,  etc.;  that  is,  they  are  made  free  hand.  The  experienced 
draftsman  will  draw  some  lines  and  circles  free  hand,  and  use  his 
instruments  on  some,  according  as  he  may  think  that  he  will  save 
time  by  doino'  the  one  or  the  other;  but  it  is  well  for  the  beginner 
to  gain  practice  by  making  the  sketches,  almost  wholly  free 
hand,  except  large  circles,  and  long  lines. 

The  sketches  should  be  neat  and  perfectly  clear,  so  that  if 
they  are  laid  aside  for  a  long  time  they  can  be  clearly  understood 
without  depending  at  all  upon  memory.  There  is  a  strong 
tendency  for  the  beginner  to  make  his  sketches  hurriedly,  think- 
incf  that  when  he  comes  to  finish  his  drawing  he  can  supply  the 
details  from  memory.  This  is  a  bad  plan  and  will  lead  to  many 
mistakes.  The  sketches  must  be  so  clear  and  complete  that  any. 
one  can  read  them  who  has  never  seen  the  machine.  JSTo  attempt 
need  be  made  to  draw  them  to  scale,  but  all  dimensions,  carefully 
measured  from  the  machine,  should  be  ])laced  on  tlio  sketch. 

After  every  piece  of  the  machine  has  been  thus  sketched  sep- 
a'ately,  it  is  well  to  make  a  rough,  general  sketch  of  the  whole 
machine,  to  show  how  the  various  pieces  fit  together,  a  few  of  the 
most  important  over-all  dimensions,  distances  between  centers,  etc. 

All  sketching  should  be  done  as  rapidly  as  possible  without 
sacrificing  clearness.  Sefore  starting  to  sketch  a  piece,  the  drafts- 
man  must  decide  what  views  are  necessary  to  describe  the  piece 
clearly.     All  sketches  should  be  made  large  to  avoid  confusion. 

Detail  Drawing.  After  the  sketches  are  made,  the  next  step 
is  the  making  of  the  pencil  drawing  from  the  sketches,  accurately 
to  scale.  The  size  of  the  plate  on  which  the  drawing  is  to  be 
made  is  usually  fixed  by  some  standard.  "WTiere  many  drawings 
are  made  and  kept  in  an  office,  it  is  desirable  to  keep  the  jjlates  of 
uniform  size,  as  far  as  possible.  It  is  good  practice  to  have  two 
or  three  standard  sizes  of  plates,  one  for  small  drawings,  one  for 
ordinary-sized  work,  and  one  for  large  drawings;  then,  whenever  a 
drawing  is  made,  make  it  on  one  of  these  standard  plates. 

Assuming,  then,  that  we  have  our  paper  stretched  on  the 
drawing  board  and  the  plate  laid  out,  the  next  step  will  be  to 
arrange  the  drawings  of  thf*  various  pieces  on    the  plate  so  that 
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there  will  he  room  for  all  and  so  that  they  may  he  properly  placed 
with  relation  to  each  other.  It  may  happen  that  there  will  net  be 
room  on  one  ])late  for  all  the  pieees,  but  that  two  or  more  platea 
will  be  re(piired.  AVljeu  the  parts  must  be  thus  arranged  on 
dilFerent  plates,  an  effort  should  he  made  to  keep  on  the  same 
plate  those  j)arts  whieh  belong  together.  For  example,  if  we  were 
drawing  a  lathe,  the  details  of  the  parts  of  the  head  stoek  might 
form  one  plate,  the  apron  another,  and  so  on. 

In  locating  the  various  pieces  on  a  plate,  they  shoidd  be 
placed  as  nearly  as  possible  in  the  same  relative  position  to  each 
other  that  they  bear  in  the  machine,  except  that  they  are  sepa. 
rated.  For  example:  if  a  nut  belongs  on  the  end  of  a  screw,  it  18 
desirable  to  draw  it  on  the  same  center  line  with  the  screw  and  at 
the  end  where  it  belongs.  If  a  piece  is  vertical  in  the  machine 
it  should  be  vertical  on  the  plate,  and  if  horizontal  in  the  machine, 
it  should  be  horizontal  on  the  plate. 

The  approximate  location  of  the  pieces  on  the  plate  may  be 
easily  deoided  by  taking  a  small  sheet  of  paper  of  about  the  same 
projiortion  as  the  plate,'but  perhaps  one-fourth  or  one-half  size, 
and  sketching  on  it  roughly  the  outline  of  the  various  pieces.  The 
arranging  of  the  plate  should  not  be  allowed  to  take  much  time, 
but  should  be  done  as  ra])idly  as  possible.  After  the  location  of 
each  view  of  each  piece  is  determined,  the  pencil  drawing  should 
begin  (to  scale)  with  one  of  the  principal  pieces.  In  almost  all 
cases  a  center  line  is  first  drawn.  It  is  better  to  carry  along  all 
the  views  of  a  piece  at  once,  instead  of  completing  one  view  at  a 
time.  The  piece  started  should  have  all  its  views  finished  and 
completely  dimensioned  before  another  piece  is  begun;  exceptions 
to  this  are  sometimes  necessary  for  special  reasons.  The  lines 
should  be  drawn  accurately,  but  no  attempt  need  be  made  to  obtain 
finish;  that  is,  in  order  to  save  time,  the  lines  may  be  run  past  the 
pomt  where  they  should  properly  stop,  etc.  Nothing  should  be 
omitted,  however. 

Each  plate  of  details  should  have  a  title,  stating  of  TPhat 
machine  it  is  a  drawing,  and,  if  there  are  several  plates,  it '°  well 
to  state  also  of  what  part  of  the  machine  the  jdato  in  q'.iestion  is 
a  drawing.  It  is  also  a  good  idea  to  print  its  name  beside  each  oi 
the  {irincipal  pieces. 
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Tracing.  •  Having  finished  the  pencil  drawing,  the  next  step 
is  the  inking.  In  some  offices  the  pencil  drawing  is  made  on  a  thin, 
tough  paper,  called  board  paper,  and  the  ink:ng  is  done  over  the 
jH'Dcil  drawing,  in  the  manner  with  which  the  student  is  already 
familiar.  It  is  more  common  to  do  the  inking  on  thin,  trans- 
parent cloth,  called  tracing  cloth,  which  is  prepaied  for  the  pur- 
pose. This  tracing  cloth  is  made  of  various  kinds,  the  kind  in 
ordinary  use  being  what  is  known  as  "  dull  back,"  that  is,  one 
side  is  finished  and  the  other  side  is  left  dull.  Either  side  may 
be  used  to  draw  upon,  but  most  draftsmen  prefer  the  dull  side. 
If  a  drawing  is  to  be  traced  it  is  a  good  plan  to  use  a  3H  or  4H 
pencil,  so  that  the  lines  may  be  easily  seen  through  the  cloth. 

The  tracing  cloth  is  stretched  smoothly  over  the  pencil  draw- 
ing and  a  little  powdered  chalk  rubbed  over  it  with  a  dry  cloth, 
to  remove  the  slight  amount  of  grease  or  oil  fi-om  the  surface  and 
make  it  take  the  ink  better.  The  dust  must  be  carefully  bruslied 
or  wiped  off  with  a  soft  cloth,  after  the  rubbing,  or  it  will  inter- 
fere  with  the  inking. 

The  drawing  is  then  made  in  ink  on  the  tracing  cloth,  after 
the  same  general  rules  as  for  inking  the  paper,  but  care  must  be 
taken  to  draw  the  ink  lines  exactly  over  the  pencil  lines  which 
are  on  the  paper  underneath,  and  which  should  be  just  heavy 
enough  to  be  easily  seen  through  the  tracing  cloth.  The  ink  lines 
should  be  firm  and  fully  as  heavy  as  for  ordinary  work.  In  tracing, 
it  is  better  to  complete  one  view  at  a  time,  because  if  parts  of 
several  views  are  traced  and  the  drawing  left  for  a  day  or  two,  the 
cloth  is  liable  to  stretch  and  warp  so  that  it  will  be  difficult  to 
complete  the  views  and  make  the  new  lines  fit  those  already 
drawn  and  at  the  same  time  conform  to  the  pencil  lines  under- 
neath. For  this  reason  it  is  well,  when  possible,  to  complete  a 
view  before  leaving  the  drawing  for  any  length  of  time,  althouo-h 
of  course  on  views  in  which  there  is  a  good  deal  of  work  this 
cannot  always  be  done.  In  this  case  the  draftsman  must  manipu- 
late his  tracing  cloth  and  instruments  to  make  the  lines  fit  as  best 
he  can.  A  skillful  draftsman  will  have  no  trouble  from  this 
source,  but  the  beginner  may  at  first  find  difficulty. 

Inking  on  tracing  cloth  will  be  found  by  the  beginner  to  be 
quite  different  from  inking  on  the  paper  to  which  he  has  been 
accustomed,  and  he  will  doubtless  make  many  blots  and  think  at 
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first  that  it  is  hard  to  make  a  tracing.  After  a  little  practice, 
however,  he  will  tind  that  the  tracing  cloth  is  very  satisfactory 
and  that  a  good  drawing  can  be  made  on  it  qnito  as  easily  as  on 
paper. 

The  necessity  for  making  erasures  should  be  avoided,  as  far 
as  possible,  but  when  an  erasure  must  be  made  a  good  ink  rubber 
or  tyjwwriter  eraser  may  be  used.  If  the  erased  line  is  to  have 
ink  placed  on  it,  such  as  a  line  crossing,  it  is  better  to  use  a  soft 
rubber  eraser.     All  moisture  should  be  kept  from  the  cloth. 

Blue  Printing.  The  tracing,  of  course,  cannot  be  sent  into 
the  shop  for  the  workmen  to  use,  as  it  would  soon  become  soiled 
and  in  time  destroyed,  so  that  it  is  necessary  to  have  some  cheap 
and  raj)id  means  of  making  cojiies  from  it.  These  cojjies  are 
made  by  the  process  of  blue  printing  in  which  the  tracing  is  used 
in  a  manner  similar  to  the  use  made  of  a  negative  in  photography. 

Almost  all  drafting  rooms  have  a  frame  for  the  purpose  of 
making  blue  prints.  These  frames  are  made  in  many  styles,  some 
simple,  some  elalwrate.  A  simple  and  efficient  form  is  a  flat  sur- 
face  usually  of  wood,  covered  with  padding  of  soft  material,  such 
as  felting.  To  this  is  lunged  the  cover,  which  consists  of  a  frame 
similar  to  a  picture  frame,  in  which  is  set  a  piece  of  clear  glass. 
The  whole  is  either  mounted  on  a  track  or  on  some  sort  of  a 
swinging  arm,  so  that  it  may  readily  be  run  in  and  out  of  a 
window. 

The  print  is  made  on  paper  prepared  for  the  purpose  by 
having  one  of  its  surfaces  coated  with  chemicals  which  are  sensi- 
tive to  sunlight.  This  coated  paper,  or  blue-print  paper,  as  it  is 
called,  is  laid  on  the  padded  surface  of  the  frame  with  its  coated 
side  uppermost;  the  tracing  laid  over  it  right  side  up,  and  the 
glass  pressed  down  firmly  and  fastened  in  place.  Springs  are 
frequently  used  to  keep  the  paper,  tracing,  etc.,  against  the  glass, 
With  some  frames  it  is  more  convenient  to  turn  them  over  and 
remove  the  backs.  In  such  cases  the  tracing  is  laid  against  the 
glass,  face  down ;  the  coated  paper  is  then  placed  on  it  with  the 
coated  side  against  the  tracing  cloth. 

The  sun  is  allowed  to  shine  upon  the  drawing  for  a  few 
minutes,  then  the  blue-print  pa[)er  is  taken  out  and  thoroughly 
washed    in  clean   water  for  several  minutes  and   hung  up  to  dry. 
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If  the  paper  hag  been  recently  prepared  and  the  exposure  properly 
timed,  the  coated  surface  of  the  paper  will  now  l)e  of  a  clear,  deep 
blue  color,  except  where  it  was  covered  by  the  ink  lines,  where  it 
will  be  perfectly  white. 

The  action  has  been  this:  Before  the  paper  was  exposed  to 
the  light  the  coating  was  of  a  pale  yellow  color,  and  if  it  had  then 
been  put  in  water  the  coating  would  have  all  washed  off,  leaving 
the  paper  white.  In  other  words,  before  being  exposed  to  the 
sunlight  the  coating  was  soluble.  The  light  penetrated  the  trans- 
parent tracing  cloth  and  acted  upon  the  chemicals  of  the  coating, 
changing  their  nature  so  that  they  became  insoluble;  that  is,  when 
put  in  water,  the  coating,  instead  of  being  washed  off,  merely 
turned  blue.  The  light  coi'ld  not  penetrate  the  ink  with  which 
tlie  lines,  figures,  etc.,  were  drawn,  consequently  the  coating  under 
these  was  not  acted  upon  and  it  washed  off  when  put  in  water, 
leaving  a  white  copy  of  the  ink  drawing  on  a  blue  background. 
If  running  water  cannot  be  used,  the  paper  must  be  washed  in  a 
sufRcient  number  of  changes  until  the  water  is  clear.  It  is  a  good 
plan  to  arrange  a  tank  having  an  overflow,  so  that  the  water  may 
remain  at  a  depth  of  about  G  or  8  inches. 

The  length  of  time  to  which  a  print  should  be  exposed  to  the 
light  depends  upon  the  quality  and  freshness  of  the  paper,  tlie 
chemicals  used  and  the  brightness  of  the  light.  Some  paj)er  is 
prepared  so  that  an  exposure  of  one  minute,  or  even  less,  in  bright 
sunlight,  will  give  a  good  print  and  the  time  ranges  from  this  to 
twenty  minutes  or  more,  according  to  the  proportions  of  the 
various  chemicals  in  the  coating.  If  the  full  strength  of  the  sun- 
light does  not  strike  the  paper,  as,  for  instance,  if  clouds  partly 
cover  the  sun,  the  time  of  exposure  must  be  lengthened. 

Assembly  Drawing.  AVe  have  followed  through  the  process 
of  making  a  detail  dravving  from  the  sketches  to  the  blue  print 
ready  for  the  workmen.  Such  a  detail  drawing  or  set  of  drawings 
shows  the  form  and  size  of  each  piece,  but  does  not  show  how  the 
pieces  go  together  and  gives  no  idea  of  the  machine  as  a  whole. 
Consequently,  a  general  drawing  or  assembly  drawing  must  be 
made,  which  will  show  these  things.  Usually  two  or  more  views 
are  necessary,  the  number  depending  upon  the  complexity  of  the 
machine.     Very  often  a  cross-section   through  some  part  of  the 
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macb'ne,  chosen  so  as  to  give  the  best  general  idea  with  tho  least 
Mrnoiiiit  (tf  work,  will  iiiiike  tlie  ilniwiiitf  dearer. 

The  number  of  dimensions  required  on  an  assembly  drawing 
depends  largely  upon  the  kind  of  machine.  It  is  usually  best  to 
give  the  important  over-all  dimensions  and  the  distance  between 
the  principal  center  lines.  Care  must  be  taken  that  the  over-all 
dimensions  aoree  with  the  sura  of  the  dimensions  of  the  various 
details.  For  example,  suppose  three  pieces  are  bolted  toijether, 
tl-.e  thickness  of  the  pieces  according  to  the  detail  drawing,  being 
one  inch,  two  inches,  and  live  and  one-half  inches  respectively;  the 
sura  of  these  three  dimensions  is  eight  and  one-half  inches  and 
the  dimensions  from  outside  on  the  assembly  drawing,  if  given  at 
all,  must  agree  with  this.  It  is  a  good  plan  to  add  these  over-all 
dimensions,  as  it  serves  as  a  check  and  relieves  the  mechanic  of  the 
necessity  of  adding  fractions. 

FORMULA  FOR  BLUE-PRINT  SOLUTION. 

Dissolve  thoroughly  and  filter. 

Red  Prussiate  of  potash 2J^  ounces, 

Water 1      pint. 

Ammonio-Citrato  of  iron 4  ounces, 

Water 1  pint. 

Use  equal  parts  of  A  and  B. 

FORHULA  FOR  BLACK  PRINTS 

Negatives.     White  lines  on  blue  ground;  prepare  the  paper 

with 

Ammonio-Citrato  of  iron 40  grains, 

Water 1  ounce. 

After  printing  wash  in  water. 

Positives.  Black  lines  on  white  ground;  prepare  the  paper 
with: 

Iron  perchloride 616  grain.s, 

Oxalic  Acid 308  grains, 

Water \i  ounces. 

(  Gallic  Acid 1    ounce, 

Develop  in-:  Citric  Acid 1    ounce, 

{  Alum 8  ounces. 

Use  1-^  ounces  of  developer  to  one  gallon  of  water.  Paper  is 
fully  exposed  when  it  lias  changed  from  yellow  to  white. 
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PLATES. 
PLATE  VIII. 

Pipe  Coupling.      The  drawing   represents  one  of  a  pair  of 

cast-irou  couplings  used  for  connecting  two  lengths  of  pipe.  It  is 
threaded  for  a  right-handed  thread,  but  appears  left  handed  because 
the  hack  part  of  the  thread  is  visible  in  the  section. 

The  vertical  center  line  of  the  coupling  is  in  the  center  of 
the  plate;  the  center  of  the  plan  is  3|  inches  from  the  lower 
border  and  the  bottom  of  the  elevation  1|  inches  from  the  top 
border  line.  The  elevation  is  made  in  half  section,  that  is,  the 
ricrht-hand  half.  It  is  made  by  imagining  that  the  front  right 
quarter  of  the  coupling  is  cut  away  by  vertical  planes.  If  the 
cutting  plane  passes  through  a  hole  or  opening  the  cross-hatching 
is  omitted.  The  dotted  lines  at  the  left  of  the  hole  show  that  it 
is  threaded.  The  distance  between  these  lines  is  -^^  in^h,  the 
depth  of  the  thread.  The  threaded  or  tapped  portion  is  shown  in 
plan  by  the  two  circles,  the  dotted  circle  representing  the  outside 
and  the  full  circle  the  inside  or  root  of  the  thread. 

The  boss  or  hub  adds  to  the  strength  and  allows  more  threads. 
The  shade  lines  should  be  placed  on  the  drawing  following  the 
custom  for  shop  drawings.  The  title  "  Pipe  Coupling  "  should 
be  placed  as  shown  and  made  with  letters  -^-  inch  high.  The 
letters  may  be  either  vertical  or  inclined  Gothic  capitals. 

PLATE    IX. 

Pillow  Block.  The  drawings  for  this  plate  are  three  views- 
side,  plan  and  end — of  a  4  inch-pillow  block.  Each  view  is  half 
in  section.  The  drawing  should  be  one-half  size.  Make  the  ver- 
tical  center  line  of  the  side  and  plan  views  4|  inches  from  the 
left-hand  border.  The  horizontal  center  line  of  the  side  view 
should  be  2|  inches  from  the  top  border  line  and  the  horizontal 
center  line  of  the  plan  2^  inches  from  the  bottom  border  line. 
Locate  the  vertical  center  line  of  the  end  view  2^  inches  from  the 
right-hand  border  line;  the  horizontal  center  line  will  of  course  be 
a  continuation  of  that  of  the  side  view.  Note  that  the  left-hand 
half  f  the  plan  represents  what  is  seen  by  looking  up  from 
below.  The  cutting  plane  for  the  right-hand  half  passes  hori- 
zontally  through  the  center  of  the  shaft. 
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The  student  sliould  ])Ut  on  shade  lines  and  finish  marks;  also 
tbe  notes  and  dimensions.  Make  the  letters  of  the  title  vertiual 
Gothic  eapitnls  ^  inch  high. 
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PLATE  X  . 
Overhung  Crank.  The  two  drawings  on  this  plate  are  to  be 
made  full  size  from  the  free-hand  sketches  Figs.  48  and  4'.t.  These 
are  such  as  would  be  given  the  draftsman  or  such  lie  would  make 
for  Lis  owa  work.  Place  the  two  views  so  that  they  will  look 
well  on  the  plate.     Put  on  shade  lines  and  dimensions. 

PLATE  XI. 

Cylinder  Head.  This  plate  consists  of  a  plan  view  and  a 
cross-section  of  the  cylinder  head  of  a  small  engine.  The  center 
line  for  the  two  views  is  drawn  half  way  between  the  upper  and 
lower  border  lines.     Always  allow  sufficient  space  for  dimensions. 

The  shade  lines  should  be  placed  on  the  drawing,  following 
the  methods  described  for  machine  drawing.  Locate  the  title  and 
explanatory  notes  to  make  the  plate  appear  well  balanced. 

PLATE  XI  A. 
Blue  Print.      Make  a  tracing  on  tracing  cloth  and  (optional) 
a  blue  print  of  one  of  these  plateSc 


110 


«C6<&0 


MA^C^N    SCHOOL    OF    CORRESPONDENCE 


\\-UNO\S 


0.  SIZES 


-^^.ts. 


TWMNWNG 

size: 
9x\2 
\2x\a 


•V\TLE. 
FRf\W\E. 

\ »  z 


YQ-R. 


lUtCTIOK 


URES. 


{e.ns\ons 


its. 

UGMT. 


ALL  ^A^RG\NS  -^^  VJ\DE. 
V)SE  THESE  5CP>LES  \N 
PREFERENCE  TO  OTHERS 
Z"  =  \'    FULL  StZE 
e"=\'    HALF      " 
3"=l'  QUARTER" 
IX  =  \'  EIGHTH    " 


^^\ER\CKN   SCHOOL  o-  COURESPONDEKICE 


CHXCKQrO 

SC^LE  3"=  \' 


\LUNO\S 
SEPT.  1. 1906 


(^3^W\P\_E  t»tle) 


CHOOSE  LARGEST  SCNLE  CONSISTENT    VM\TH    SIZE  OF  SHEET, 
USE  SIMPLE  PROJECTIONS   \N  THIRD    ANGLE  ONLY. 
MAKE  \)1E>N5   TO  COMPUEVELY    ILLUSTRATE-  NO  MORE-  NO  LESS' 
PLACE  \J\E\NS  ON  SHEET  \N  SAtsAE   POSITION    AS  PIECE  OCCUPIES 

IN   ASSEWIBLEO    MACHINE. 
NNORK  ALLWEWS  TOGETHER.    DO    NOT  TRY   TO   FINISH    ONE   MIEVN 

BEFORE    BEGINNING    ANOTHER. 
VJSE  FEV\/  DOITED   LINES.  ONLV  NNHEN  ABSOLUTES   NECESSARY 
USE  CROSS  SECTIONS  FREELY,  IN  PREFERENCE  TO  DOTTED   LINES. 
^AAKE    PENCIL   DRA\N\N&    SHNRP  AND    DEF1N\TE ,  ABSOLUTELY 

COMPLETE.  AND   CHECH   CAREFULLY     BEFORE  TRACING. 
VJSE  ROUGH    SIDE    OF   TRACI^4G    CLOTH    TO    PRENENT   CURUNG 

LINES  FOR  SIMPLE   LARGE  SCIVLE  DETA\LS  THUS    — 

"  "    COMPLICATED  SMAH.  "  '• 

"         DOTTED  '< 


CENTER    OR  A.X\A\.    {  SCUD 

\  DKSM  KNO  DOT 


■  f^4^-— ^ 


D>N\EN5\0N 
••        CROSS  SECTVOU  VfeTO^  APART 
USE  BLACV.\NK  FOR  ALL  LINES 

^A^^.KE  Figures  broad,  bold  p^nd  a^bsolutely  clej^r. 

tvAAKE  ALL  FIGS.  READ  FROM  LOVAJER    OR   R\gHT  HAND  SIDE  OF  SHEET 
MAKE  ALL  DIMENSIONS  \N  INCHES  UP  TO   AND    INCLUDING    36  IN 
INCH  MARKSi""i  ^RE  SELDO^A  NECES5^P^<',  EXCEPT  CASES   AS  5-6" 
ANY  0\MENS\ON  NEED  OCCUR  BUT   ONCE  ON  SAME    ORt^VMING 
USE  ENOUGH  DIMENSIONS  TO  ENABLE  THE  PIECETO  SE  MADE- NO  MORE 

NO  LESS*  USE  NOTES  FREELY   TO  CLEAR  UP  DOUBTFUL    POINTS. 
ALNNAVS    HANJE  IN  MIND  THE  WORKMEN   VJHO    ARE  TO   USE   THE 

ORAvwrnG-THE  PATTERN  MAKER,  BLACKSMVTH  AND  MACHIN\ST 
ALXNAYS  CONS\DER  THE  MACHINES   AMA\LABL.E  FORTHEVy/ORK. 


i 


MECHANICAL  DRAWING. 

PART  IV. 


WORKING  SHOP  DRAWINGS. 

In  I'iirts  I  to  III,  inclusive,  tlie  fiuulanii'iiLal  principles  of 
Meclianiial  Drawing  were  explained  and  illustrated.  The  pro- 
duction of  working  drawings,  has  also  been  discussed  to  some 
extent,  and  the  usual  characters  and  symbols  explained  and 
applied.  The  elementary  work  already  outlined  has  been  treated 
chiefly  from  the  standpoint  of  correctness  of  line  representation 
considered  by  itself,  without  a  detailed  study  of  the  use  to  which 
the  drawings  so  produced  are  to  be  applied. 

Evidently  this  is  the  pi'oper  method,  for  the  student  should 
gain  a  thorough  understanding  of  the  principles  which  underlie 
hue  representation  before  attempting  to  apply  them  to  any  ex- 
tended practical  use.  In  all  of  this  preceding  work  it  is  intended 
that  the  theoretical  principles  shall  overshadow  any  incidental 
references  made  to  practical  application,  however  true  and  perti- 
nent the  latter  may  be  for  purposes  of  illustration.  Hence,  before 
taking  up  any  advanced  work,  the  student  should  full}-  realize  the 
importance,  in  fact,  the  absolute  necessity,  of  thoroughly  under- 
standing the  fundamental  principles  which  have  been  outlined  in 
the  books  which  have  preceded  Part  IV. 

At  this  point  the  student  must  realize  that  a  lack  of  proper 
elementiuy  and  fundamental  training  will  make  him  "go  larae"  at 
every  point  of  his  course,  and  probably  prevent  the  attainment  of 
proficiency  whicli  otherwise  would  naturally  and  almost  instinc- 
tively come  with  advanced  study.  It  is  the  thorough  and  ready 
knowledge,  always  at  his  fingers'  ends,  of  all  the  principles  of 
Mechanical  Drawing,  which   makes  the  expert  draftsman. 

Plan  and  Scope  of  Advanced  Work.  It  is  now  intended  to 
throw  an  entirely  different  light  on  the  matter,  and  view  tlie 
subject  of  Mechanical  Drawing  from  a  purely  practical  stand- 
point;   viz.,    that    of    Utility.     It    is    assumed    that    the   student 
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understands  and   can  use    the    principles  which  have    been  pre-. 
viously  discussed. 

If  in  a  working  sliop  drawing  we  choose  to  modify  any  of 
tht'se  theoretical  priTiciples,  it  ^vill  be  because  of  increased  value 
in  Utility  of  the  drawing.  For  example,  we  may  desire  to  omit 
some  portions  of  an  elevation  or  plan  or  side  view  of  a  compli- 
cated casting,  because  certain  details  will  thus  be  more  clearly 
brought  out.  We  may  make  a  "  zigzag "  section  to  show  con- 
struction which,  by  absolute  fidelity  to  theoretical  principle, 
would  be  confused,  or  hidden  in  a  maze  of  dotted  lines.  We  may 
lind  it  convenient  to  place  in  some  unoccupied  corner  of  a  drawing 
a  layout  which  could  not  be  in  the  least  justified  by  any  rule  of 
projection.  A  multitude  of  transgressions  like  tiiese  occur  on 
good  drawings,  and  they  are  certainly  justifiable  from  the  stand- 
point of  Utilitij,  which  is  the  true  ultimate  end  sought  for  in  a 
practical  shop  drawing. 

These  variations  from  the  theoretical  are  not  strictly  conven- 
tionalities, because  they  are  not  classified  or  established,  so  far 
as  we  know,  but  are  the  spontaneous  outgrowth,  as  the  occasion 
demands,  of  the  draftsman's  pur{)ose  to  make  his  drawing  one 
of  greatest  Utility.  He  can,  however,  safely  transgress  a  prin- 
ciple only  when  he  thoroughly  knows  the  principle ;  otherwise 
a  blind  deviation  from  the  tlieoretical  path  will  inevitably  lead 
to  difficulty. 

All  of  the  above  is  intended  to  impress  the  student  with  the 
}dea  that  theoretical-  principles. are  his  'best,  in  fact,  his  only  tools 
to  work  with  ;  but  they  are  not  "  self-hardening,"  like  "  musliet " 
steel;  they  are  like  the  finest  grade  of  tool  steel,  whicli  must  be 
tempered  and  ground  and  used  with  the  best  judgment  of  the 
operator,  to  secure  the  most  satisfactory  results. 

Student  Drawings.  A  student's  earl}'  drawings  are  usually 
unsatisfactory,  even  to  himself.  Somehow  they  do  not  look  like 
those  seen  in  shops,  and  as  a  rule  he  is  unable  to  see  why  this  is 
so.  Of  course  the  difference  is  to  some  extent  due  to  the  experi- 
ence of  the  professional  draftsman.  However,  the  superior  results 
of  the  latter's  work  are  attained  largely  thi-ough  his  systematic 
and  workmanlike  habits  of  execution.  It  should  encourage  the 
student   in   his  early  attempts  to  know  that  these  essentials  to 
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»tlie  infusion  of  life  imd  sliop  spirit  into  ii  drawing  can  be  analyzed, 
outlined  and  gras[)e(l  at  the  outset  by  earin'st,  intelligent  effort, 
and  reiilly  good  workmanlike  results  obtained.  To  discuss,  and  if 
possible  to  impart  these  essentials  of  a  working  shop  drawing  to 
the  student,  is  the  purpose  of  the  present  book. 

Essentials.  The  two  chief  essentials  of  a  shop  drawing, 
under  which  general  heads  a  multitude  of  detail  reiptirenients 
can  be  summed  up,  are : 

(1.)  Absolutely  complete  and  definite  instructions  from  de- 
signer to  workman. 

(2.)  Least  possible  cost  in  dollars  and  Cents  of  pi-odnction 
of  the  di-a^ving  measured  by  the  draftsman's  tune. 

It  makes  no  difference  how  much  we  may  attempt  to  disguise 
these  two  elements,  the  fact  will  still  be  apparent  that  "  complete 
tnstructions  furnished  for  the  least  jwoney"  is  what  the  manufac- 
turing shop  is  after,  and  what  will  be  assumed  as  a  basis  for 
judgment  as  to  liigliest  commercial  utility. 

Completeness  of  Drawings.  As  to  the  first  point,  that  of 
completeness  and  definiteness  of  instruction,  there  must  he  no 
question  of  degree.  If  the  information  wliich  the  drawing  fur- 
nishes is  positive  and  complete,  the  di-awing  is  good.  If  doubt 
arises  in  the  workman's  mind  as  to  what  the  designer  intended  by 
a  certaui  line  or  dimension,  or  if  the  dimension  be  omitted,  the 
drawing  is  bad.  There  is  no  middle  ground.  The  instructions 
are  either  present  or  absent,  and  the  drawing  good  or  bad  accord- 
ingly. 

The  workman  of  to-day  is  not  permitted  to  assume  dimen- 
sions or  shape.  It  is  his  business  to  execute  the  draftsman's 
orders;  it  is,  however,  often  his  privilege  to  choose  his  own  way 
of  doing  it,  but  further  than  this  modern  practice  does  not  allow 
huu  to  go.  He  is  held  as  rigidly  to  the  orders  specified  by  the 
drawing  as  the  locomotive  engineer  is  held  to  his  bit  of  tissue 
telegraphic  order  to  proceed,  without  which  he  dare  not  enter  the 
next  block.  The  drawing  is  supreme ;  it  is  official ;  it  must  oe 
plain,  direct  and  all-sufficient.  It  is  the  draftsman's  business  to 
make  it  thus,  and  he  is  not  a  draftsman  until  he  does. 

This  idea  of  positiveness  must  be  thoroughly  absorbed  by  the 
student.     Positive  action  must  be  a  imbit  which  controls  his  every 
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move,  whicli  marks  every  dimension  lie  prints,  which  directs  every 
line  he  draws.  Every  line  must  mean  sonietliing,  must  have  a 
delinite  resison  for  existence,  must  be  necessary  to  illustrate  the 
idea  which  he  wishes  to  convey  to  the  workman,  and  every  line 
must  be  a  definite  measurable  distance  from  every  other  line,  so 
that  its  location  is  fixed  beyond  a  doubt.  Lines  which  mean 
nothing,  and  cannot  be  measured,  have  no  place  on  the  drawing; 
they  only  confuse  it. 

A  good  picture  of  a  machine  could  scarcely  be  called  to  the 
same  service  as  a  good  drawing  of  it.  The  picture  might  give  us 
an  excellent  idea  of  the  machine,  but  for  the  purpose  of  tlie  actual 
construction  the  picture  is  useless,  while  the  drawing  is  of  positive 
value.  This  value  exists  simply  because  of,  and  in  proportion  to, 
the  completeness  of  detail  which  it  shows.  Hence  in  making  a, 
shop  drawing  the  picture  idea  is  entirely  subordinate  to  the  idea 
of  UtUitii,  the  latter  in  fact  being  the  measure  of  its  value. 

There  are  certain  classes  of  drawings — of  which  the  Patent 
Office  drawing  is  a  good  example — in  the  making  of  which  the 
picture  idea  is  predominant.  Here  the  purpose  is  to  illustrate 
mechanisms,  not  construct  them ;  hence  the  function  of  the  draw- 
ing is  in  no  wise  that  of  the  working  shop  drawing,  and  as  such 
does  not  fall  within  our  discussion. 

Co»t  of  Producing  Drawings.  The  second  general  element 
involved  in  producing  shop  drawings  is  their  cost,  as  measured 
by  the  draftsman's  time.  It  is  somewhat  subordinate  to  the  first 
element,  for  the  drawing  must  be  a  good  one,  judged  by  an  abso- 
lute standard,  whatever  the  time  or  cost  necessary  to  produce  it. 
Cost,  however,  is  an  important  item,  and  cannot  well  be  over- 
looked. It  is  inevitable  that  in  any  enterprise  economy  will 
ultimately  be  sought,  whatever  extravagance  an  imperative  orig- 
inal demand  may  have  permitted.  This  is  as  true  in  the  produc- 
tion of  drawings  as  in  the  case  of  manufactured  articles  of  trade. 
Drafting-room  labor  is  a  relatively  high-priced  service,  and  the 
salary  list  easily  assumes  considerable  proportions,  so  that  wasteful 
excesses  count  up  rapidly.  One  of  the  qualifications  of  proficiency 
invariably  required  for  this  department  of  shop  organization  is 
rapidity  of  execution.  This  is  not  as  dependent  upon  personal  traits 
as  at  first  might  be  supposed.    A  man  may  so  husband  his  time  and 
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direct  his  efforts  that  lie  will  eiisily  distance  liis  neighhor  of  more 
rapid  motion.  The  latter  may  have  less  ability  to  make  his  ener- 
gies count,  and  lack  of  judgment  as  to  when  just  enough,  and  no 
more  than  enough,  energy  has  been  expended  on  his  drawings. 
From  the  standpoint  of  Utility,  the  function  of  a  drawing  is  ful- 
filled when  it  lias  reached  the  stage  tiiat  it  completely  instructs; 
more  time  spent  in  elaboration  is  wasted,  and  is  an  unnecessary 
and  therefore  extravagant  expenditure.  The  student  must  fully 
rei'.lize  this.  In  his  earnestness  to  produce  finished  and  complete 
work  he  must  constantly  strive  to  accomplish  results  in  the  least 
possible  time.  This  does  not  mean  careless  haste ;  far  from  it.  A 
complete  shop  drawing  cannot  be  made  by  shoi't  cuts,  but  through 
a  systematic  building  of  line  on  line,  dimension  on  dimension. 
This  is  in  shai-p  contrast  to  a  haphazard  habit  of  developing  a 
drawing,  first  a  line  here  and  then  a  figure  there,  with  no  definite 
purpose  in  mind,  and  no  hint  as  to  when  the  drawing  is  actually 
completed. 

The  one  metJiod  constitutes  the  efficient  draftsman  who 
works  easily,  receives  a  high  salary,  and  is  worth  it,  because  he 
wastes  no  time  in  unnecessary  labor.  The  other  marks  his  unfor- 
tunate brother,  plodding  laboriously  far  behind,  receiving  a  small 
pittance  per  hour,  and  worth  less,  because  he  does  uncalled-for 
labor,  and  loses  his  definiteness  of  purpose  in  a  maze  of  unexplain- 
able  lines  and  figures. 

A  working  shop  drawing,  commercially  considered,  may  well 
be  defined  as  being  "  Complete  instruction  from  designer  to  workman 
issued  at  minimum  expense.'^ 

This  definition  should  be  memorized  by  the  student,  and  con- 
stantly kept  in  mind  while  making  a  drawing.  Tlie  preceding 
pages  should  be  re-read  with  this  in  view  until  the  full  spirit  is 
appreciated. 

The  maxim  as  given  above,  if  faithfully  adhered  to  without 
modification,  answers  nearly  every  question  that  can  be  raised  as 
to  the  excellence  of  a  drawing.  It  can  be  used  as  a  standard  of 
judgment,  whatever  system  of  lines  or  symbols  may  be  in  vogue. 
It  permits  a  draftsman  to  adjust  himself  to  the  rules  of  any  shop 
or  drawing-room,  and  yet  produce  a  good  drawing  and  satisfy 
his  emplover. 


8  MECHANICAL    DRAWING. 


A  drawing  which  is  clieaply  produced  and  at  the  same  time 
does  perfectly  that  for  whicli  it  was  made,  that  is,  convey  complete 
instruction,  is  heycmd  commercial  criticism. 

Method  of  Procedure.  As  the  general  objects  to  be  attained 
in  a  working  shop  drawing  liave  now  been  presented,  it  is  neces- 
sary to  indicate  in  detail  how  the  work  may  be  propeily  accom- 
[)lished.  In  order  to  do  this,  it  is  proposed  to  produce  systematically 
a  full  set  of  working  drawings  of  a  familiar  and  companitively 
simple  machine.  The  methods  used  will  he  those  of  a  designing 
detail  draftsman,  producing  commercial  work  fit  for  shop  use. 
In  the  progress  of  the  work,  from  its  heginning  in  the  rougli, 
though  accurate,  pencil  layout,  to  the  completion  of  the  tracings 
and  the  order  sheets,  the  same  bold  style,  clearness,  directness  and 
businesslike  spirit  which  the  sliop  atmospiiere  and  surroundings 
would  naturally  supply,  will  be  emphasized,  and  so  far  as  jiossible 
imparted  to  the  student.  It  is  expected  that  the  student  will  fol- 
low the  text  closely  and  study  the  plates  carefully,  endeavoring 
to  familiarize  himself  with  every  detail  illustrated.  The  more 
closely  he  is  ahle  to  apply  himself  in  this  respect  the  more  will 
he  be  able  to  partake  of  the  life  and  spirit  which  is  intended  to  he 
conveyed,  and  without  which  the  true  character  of  tlie  work  can 
be  but  poorly  developed. 

Incidentally,  several  purposes  will  be  fulfilled  by  this  treat- 
ment. 

Ability  to  read  drawings  quickly  and  intelligently  is  almost 
as  important  as  making  them,  and  it  is  expected  that  the  study 
of  the  plates,  with  a  view  to  thoroughly  understanding  every  line, 
will  develop  proficiency  in  the  art  of  reading  drawings. 

The  discussion  in  tlfe  text,  of  not  only  the  form  of  the 
machine  parts  themselves,  but  also  the  tools  and  shop  processes 
to  produce  them,  affords  considerable  insight  into  the  influences 
affecting  good  machine  design.  Without  introducing  any  mathe- 
matical analysis  or  investigation,  which  is  beyond  the  province 
of  this  book,  much  practical  consideration  as  to  the  restrictions 
imposed  by  existing  shop  methods  upon  theoretical  construction 
will  be  suggested,  and  the  student  encouraged  to  use  his  judgment 
thereon. 

In  the  preliminary  layouts  the  actual  "  sketchy  "  appearance 
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of  the  pencil  drawinsf  will  be  imitated  us  far  as  possible,  so  that 
the  student  himself  nia}-  imitate  and  catch  the  bold  dash,  yet  fine 
accuracy,  of  the  line-work,  which  is  characteristic  of  the  expert 
draftsman. 

The  comj)leteness  of  a  set  of  drawings  is  as  important  a  lesson 
as  the  completeness  of  each  drawing  itself.  In  this  is  involved 
■the  proper  arrangement  and  classification  of  details,  the  foundation 
layout,  and  the  system  of  order  sheets  for  getting  work  into  and 
through  the  shops.  This  is  a  feature  which  very  strongly  aifects 
some  of  the  finishing  touches  to  a  drawing,  for  it  is  so  easy  to  omit 
a  "few  last  things  "and  turn  in  an  uncompleted  sheet.  Every 
draftsman  knows  how  many  little  tilings  come  up  toward  the  close 
of  a  job  involving  complete  drawings  of  a  machine,  and  how 
strong  the  tendency  is  to  omit  them,  and  relieve  himself  of  some- 
what tedious  details.  The  result  is  irritation  and  delays  when  the 
drawings  get  into  the  shop,  and  they  return  to  the  drawing  room 
to  be  fixed  up  at  a  time  proliabl}'  inconvenient  for  all  parties  con- 
cerned. A  good  draftsman  will  turn  in  a  eomjylete  set  of  complete 
drawings.  It  is  highly  important  that  the-student  grasp  this  idea, 
and  study  his  work  accordingly. 

DUPLEX    PUMP   PLATES. 

The  typical  set  of  plates  chosen  for  this  book  in  fulfillment  of 
the  above  purposes,  takes  up  the  study  of  a  simple,  duplex  steam 
pump.  This  particular  type  of  machine  represents  the  simplest 
and  most  elementary  form  of  the  steam  engine  in  modern  use  in 
respect  to  valve  gear  and  controlling  devices.  It  is  not  an  eco- 
nomical machine,  yet  its  principles  lie  at  the  foundation  of  the 
economical  high-speed  engine,  the  latter  being  produced  througii 
a  modification  of  the  uneconomical  valve  gear  such  as  is  found  on 
a  pump  of  the  type  chosen,  ratiier  than  through  any  radical  change 
of  construction  as  to  the  body  of  the  machine.  Hence  the  study 
of  a  steam  pump  may  well  precede  that  of  higher  forms  of  the 
steam  engine.  It  is  hoped  that  the  study  will  so  interest  the  stu- 
dent that  he  will  be  led  to  further  investigation  and  development 
not  only  of  the  steam  engine  itself,  but  of  that  highly  important 
division  of  modern  engineering, — pumping  machinery. 

Thus  we  note  another  point  of  advantage  in  the  study  as  out- 
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lined.  The  power  end  of  tlie  macliine  introduces  us  to  the  steam 
engine;  the  load  end  is  the  beginning  of  the  engineering  of  pump- 
ing maclunery. 

Rating  of  Pump.  A  steam  pump  is  rated  by  the  bore  of  its 
cylinders  and  length  of  stroke,  all  being  given  in  inches.  A 
"10  X  8i  X  12  pump"  means  that  the  steam  cylinder  is  16  inches 
in  diameter,  the  water  plunger  8^  inches  in  diameter,  and  the 
nominal  length  of  stroke  12  inches.  These  sizes  are  always  given 
in  the  same  order,  beginning  with  the  diameter  of  the  smallest 
cylinder  (in  case  there  is  more  than  one),  then  the  diameter  of 
water  plunger,  the  common  stroke  of  both  being  placed  last. 
This  expresses  to  the  mechanic  the  rating  of  the  pump  in  the 
clearest  style  and  briefestlanguage. 

The  pump  illustrated  liere  is  designed  for  standard  service, 
operating  under  a  steam  pressure  not  to  exceed  100  pounds  per 
square  inch,  water  pressure  not  to  exceed  150  pounds  per  square 
inch,  and  the  rated  capacity  based  on  an  average  piston  speed  of  100 
feet  per  minute  being  about  550  gallons.  This  requires  that  each 
side  of  the  pump  shall  handle  275  gallons,  and  being  double  act- 
ing, shall  make  100  reversals  or  50  double  strokes  per  minute. 

Plate  A.  Steam  End  Layout.  This  plate  illustrates,  as 
nearly  as  reproduction  can  accomplish,  the  pencil  layout  of  the 
steam  end.  It  is  the  first  work  of  the  designing  draftsman. 
The  drawing  as  shown  is  exactly  the  type  of  la3-out  whicli  he 
■would  turn  over  to  a  detail,  draftsman,  wnose  duty  it  would  be  to 
work  up  detail  shop  drawings  therefrom. 

The  character  of  this  drawing  should  be  carefully  studied. 
Remember  that  it  is  a  layout,  nothing  more  ;  also  bear  in  mind 
that  it  is  an  eyact,  measurable  working  sketch.  Attention  is  called 
to  the  sharpness  of  the  lines,  especially  to  the  clean-cut  intersec- 
tions. Note  the  boldness,  dash  and  businesslike  style,  the  free- 
hand cross-section  lines  roughly  put  in.  There  is  no  hesitation  or 
worry  as  to  where  the  end  of  a  line  shall  be,  or  whether  it  crosses 
other  lines  which  it  theoretically  should  not.  The  intersections 
are  allowed  to  indicate  the  termination  of  lines,  and  the  rough 
section  lines  pick  out  the  parts  and  separate  them  clearly  to  the 
eye.  There  is  the  spirit  in  this  lajout  of  confident,  definite  and 
rapid  action,  vith  no  thought  for  absolute  finish  in  line-work,  but 
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with  every  thought  for  absolute  results  as  to  measurable  dimen- 
sions. 

The  data  for  the  production  of  Phite  A  by  tlie  student  are 
rather  more  complete  than  he  would  usually  find  in  practice. 
Plates  E,  F  and  G  show  many  details  fully. 

The  steam  cylinder  and  head,  however,  as  sliown  in  Plate  G, 
are  not  dimensioned,  and  tlie  student's  problem  is  to  produce  this 
plate  complete,  witli  finish  marks,  dimensions  and  neces.sary  data 
for  a  working  drawing.  In  order  to  do  this  it  is  first  necessary 
to  work  up  Plate  A  with  exactness,  in  pencil,  and  see  that  all 
parts  go  together  properly.  Then  the  detail  of  cylinder  and  head 
may  be  made  separately  by  measurement  of  the  layout  drawing, 
and  Plate  G  produced. 

For  this  work  the  ordinary  brown  detail  pai)er  is  veiy  satis- 
factory. A  hard  lead  pencil  is  necessary,  as  liard  as  611,  and  tlie 
point  must  be  kept  well  sharpened. 

There  are  two  general  rules  of  action  in  producing  a  drawing 
which  give  the  answer  to  tlie  question  which  oftenest  confronts 
the  beginner:  "What  is  to  be  done  first?"  or  "What  is  to  be 
done  next?  "     These  rules  are  : 

1.  Draw  everything  that  is  positively  kuown. 

2.  Work  from  tlio  inside  to  the  outside. 

Every  problem  has  some  positive  data,  assumed  or  calcuiiited, 
to  start  with.  The  first  thing  to  do  in  every  case  is  to  get  this 
data  re[)resented  by  lines  on  the  paper.  An  expert'  designer  has 
been  lieard  to  say  that  until  he  had  spoiled  the  blankness  of  his 
sheet  of  paper  by  some  lines,  he  could  not  design.  There  is  some- 
thing in  this :  and  almost  invariably  the  first  line  to  draw  is  a  hori- 
zontal center  line  somewhere  near  the  middle  of  the  sheet;  draw 
it !  Draw  it  at  once  without  hesitation,  and  the  layout  is  begun. 
We  now  have  something  about  which  to  build. 

,  In  this  case  the  designer  would  first  calculate  the  size  of  the 
piston  rod,  and  determine  the  fastening  to  the  piston.  He  would 
then  draw  the  rod  aiid  build  a  hub  around  it.  He  would  next 
calculate  the  width  or  thickness  of  piston  and  size  of  packing 
rings,  and  di'aw  the  two  vertical  lines  5  inches  apart,  to  indicate 
the  piston  faces.  These  lines  would  be  limited  by  the  C3dinder 
bore,  which  he  knows  to  be  16  inches;  hence  birizontai  lines  lO  , 
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inches  apart,  parallel  to  and  symmetrical  with  the  center  line,  are 
the  next  to  be  drawn.  Short  vertical  lines  indicate  the  location 
of  the  packing  rings.  As  the  nominal  travel  of  the  piston  is 
to  be  12  inches,  the  location  of  the  piston  and  rings  can  be 
shown  on  both  sides  of  the  central  vertical  line  at  the  limits  of 
travel.  A  clearance  must  exist  between  the  heads  and  the  piston 
{in  this  case  ^  inch  is  allowed),  hence  the  lines  of  the  heads  can 
be  drawn,  and  the  general  inside  outline  of  the  cylinder  barrel  is 
complete. 

This  is  all  in  direct  application  of  tlie  foregoing  rides,  and  is 
so  simple,  natural  and  direct  that  it  hardly  requires  such  explicit 
statement.  We  have  simply  taken  such  data  as  we  had  and  put 
it  on  paper,  placing  it  where  it  can  be  seen  from  all  sides,  and 
where  the  mind  is  relieved  of  the  labor  of  carrying  it. 

If  the  student  will  only  appreciate  this  one  rule  and  draw  all 
lie  knows  about  the  problem,  he  is  well  on  his  way  to  its  solution. 
Drtuo  everything  you  know,  and  work  for  what  you  dovHt  knoiv,  is 
what  these  two  rules  sa}',  and  the  first  question  to  arise  should  be : 
"  Have  I  drawn  everything  that  is  known  about  the  problem  ? " 
before  he  asks  himself  or  any  one  else  :  "  What  shall  I  do  next  ?  " 

One  other  rule  might  be  added  to  these  two :  Keep  dimensions 
in  even  figures,  if  j^ossible.  This  means  that  small  fractions  should 
be  avoided.  It  is  just  as  easy  to  bear  this  point  in  mind,  and 
save  the  workman  much  annoyance  and  chance  of  error,  as  it 
is  to  disregard  this  matter.  Even  figures  constitute  one  of  the 
trade-marks  of  an  expert  draftsman.  Of  course  a  few  small  frac- 
tions, and  sometimes  decimals,  will  be  necessary.  Remember, 
however,  that  fractions  must  in  every  case  be  according  ,to  the 
comnion  scale;  that  is,  in  sixteenths,  thirty-seconds,  sixty-fourths, 
etc. ;  never  in  thirds,  fifths,  sevenths,  or  such  as  do  not  occur  on 
the  common  machinist's  scale. 

A  systematic,  definite  mode  of  treatment  on  these  lines  must 
become  a  habit,  so  that  all  problems,  however  complicated,  can  be 
approached  with  confidence  in  the  same  way.  It  is  the  drawing  of 
one  line  which  makes  clear  the  drawing  of  the  next  and  sub- 
sequent lines ;  and  the  most  serious  obstacle  which  the  student  is 
likely  to  set  for  himself-  is  trying  to  see  the  whole  problem  through 
from  the  beginning.  Even  an  expert  cannot  do  this,  but  allows 
the  layout  to  develop  results  as  he  proceeds. 
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The  details  of  the  piston  and  rod  being  given  in  Plate  E,  the 
foie2;oing  work  is  very  easy  for  the  student.  Tiie  tliickncss  of 
the  barrel  and  lieads  being  determined  (|  inch  in  this  ease),  the 
exterior  ontline  may  be  partially  drawn.  The  fixed  iiead  at  the  ■ 
yoke  end  must  be  thicker  than  this,  in  order  to  receive  the  yoke 
and  stufling-box  bolts  without  breaking  through.  Th"  recesses 
or  counterbores  at  either  end  of  the  cylinder  should  be  so  located 
that  the  packing  rings  run  over  the  edge  a  little  at  the  end  of  the 
stroke,  thus  preventing  the  wearing  of  a  shoulder  by  the  piston 
stopping  in  the  same  place  every  time.  The  counterbore  .should 
be  deep  enough  to  iJlow  reboring  the  cylinder  without  the  counter- 
bore  being  touched  by  the  tool.  In  this  way  the  counterbore  is 
retained  to  center  the  cylinder  at  its  original  location. 

The  size  of  steam  ports  having  been  calculated,  they  may  be 
drawn  in,  the  turns  being  made  easy  and  as  direct  as  possible.  . 
The  height  to  valve  seat  must  be  kept  at  the  lowest  limit  consist- 
ent with  sufficient  metal  between  and  outside  of  the  ports.  As  the 
detail  of  the  ports  might  be  somewhat  troublesome,  it  is  shown  in 
an  enlarged  sketch  for  the  student's  benefit.  Chipping  or  filing 
strips  ^  inch  high  are  left  on  the  port  edges,  whicli  nuist  be  true, 
m  order  to  finish  them  up  easily. 

The  three  inner  ports  are  for  exhaust,  the  outer  ones  for 
admission  of  steam.  This  five-ported  cylinder  is  peculiar  to  the 
direct  acting  steam  pump,  it  being  a  device  to  effect  the  cushion- 
ing of  the  piston  at  the  end  of  the  stroke,  thus  preventing  the 
piston  from  striking  the  heads.  This  is  necessary,  since  no  posi- 
tive limit  of  motion .  exists,  as  is  the  case  in  machines  with  crank 
and  connecting  rod. 

When  the  edge  of  the  piston  has  passed  the  outer  edge  of  the 
exhaust  port,  as  shown  in  Fig.  1,  the  steam,  which  has  been  exhaust- 
ing through  port  A,  is  confined  in  space  B  and  port  C,  and,  being 
compressed  by  the  piston,  acts  like  a  spring  to  retaid  its  motion. 
If  the  point  P  is  properly  determined  for  a  given  speed,  the  piston 
will  always  compress  the  steam  just  enough  to  cause  it  to  stop  at 
the  end  of  the  nominal  stroke ;  in  this  case,  |  inch  from  the  head. 
It  is  evident,  however,  that  at  different  speeds  the  piston  will  have 
more  or  less  power  to  compress  the  steam,  and  will  not  stop  at  the 
point  desired.     This  causes  the   troul)le  of   "  short  stioke,"  and 
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consequent  in<vbility  to  make  the  pump  work  to  its  full  capacity. 
Now  if  we  connect  ports  A  and  C  b}'  a  small  opening  shown 
dotted  at  D,  and  control  this  opening  by  a  plug  valve  operated  by 
hand  from  the  outside,  we  can  let  a  little  steam  leak  by  into  port 
A,  thus  reducing  tlie  cushion  and  allowing  full  stroke. 

In  order  to  avoid  complicating  the  drawing,  no  cushion  valves 
are  sliown  or  re(iuired  to  be  put  on  Ity  tlie  student.  They  are  not 
custnmaiv  in  small  pumps,  but  might  advantageously  be  put  oa 
the  present  illustration. 


The  valve  seat  must  be  a  scraped  surface,  while  the  chest 
face  need  not  be;  hence  the  latter  is  finished  |  inch  lower.  This 
also  gives  a  ledge  against  wliich  the  steam  chest  fits,  thus  securing 
positive  location. 

The  bolting  of  the  heads  and  the  steam  chest  should  allow  a 
\vidth  of  packing  inside  of  the  bolts  of  I  to  |  inch,  otherwise  there 
is  danger  of  the  steam  blowing  out  the  packing  and  causing  leak- 
age around  the  bolts.  The  bolts  do  not  fill  the  holes,  the  latter 
being  drilled  large,  from  J^  to  |.  inch.  The  spacing,  if  wider  tliar 
5  or  6  inches,  is  iikely  to  permit  springing  of  the  flanges  between 
the  bolts,  and  consequent  leakage.  Bolts  less  than  i  inch  diame- 
ter are  not  desirable,  as  they  can  be  easily  twisted  off  with  an 
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ordinary  wrench.  Ic  this  case  the  cylinder  head  takes  |-inch 
bolts,  the  yoke,  stuffing-box  and  gland,  ^-inch. 

The  flanges  of  heads  and  cylinders  are  usually  from  25  per 
cent  to  50  per  cent  thicker  than  the  body  of  the  casting. 

Drips,  1-inch  pipe  tap,  to  he  fitted  with  cocks,  are  necessary 
at  both  ends  of  the  cylinder  to  readily  drain  the  cylinder  of  water. 

Moiling  of  Steam  Qylinder.  The  design  is  often  influenced 
by  the  way  in  which  the  piece  is  to  be  cast.  It  often  takes  but  a 
slight  change  of  design  to  save  many  dollars  in  pattern  making  and 
foimdr}''  work.  Hence  the  habit  shoidd  be  formed  of  always  judg- 
ing tlie  design  of  a  piece  from  the  foundry  standpoint.  In  tiiis 
case  it  is  evident  that  the  ports  and  cylinder  bore  must  be  cored 
out>  and  the  most  obvious  position  of  molding  is  to  lay  the  cylinder 
on  its  side,  the  parting  line  of  tlie  flask  being  along  a  vertical 
plane  running  lengthwise  through  the  middle  of  the  cylinder. 
This  permits  the  chest  flanges  to  draw  nicely,  likewise  the  ribs  on 
the  foot,  and  allows  the  thin  curving  port  cores  to  stand  edfewise 
in  the  mold. 

Another  method  of  molding  would  be  with  tlie  valve  seat 
down.  This  would  involve  loose  pieces  for  the  chest  flanges,  and 
setting  of  cores  for  the  cylinder  foot.  It  would,  however,  assure 
sound  metal  beyond  question  at  the  valve  seat.  Spongy  metal  at 
the  important  wearing  surfaces,  the  valve  seat  and  cylinder  bore, 
is  not  permissible  in  any  case,  and  care  in  molding,  and  good 
design,  is  necessary  for  good  results. 

All  comers  must  be  carefully  filleted,  and  cliunks  of  metal 
must  be  avoided,  especially  where  several  walls  or  ribs  join. 
The  metal  must  be  kept  of  average  uniform  tliickness,  so  that  the 
whole  casting  will  cool  uniformlj-. 

Machiniitij  of  Steam  Cylinder.  The  boring  may  be  done  on 
a  vertical  boring  miU,  the  heavy  arm  carrying  tlie  tool  being 
thrust  down  unsupported  into  the  cylinder,  the  latter  being  rotated 
by  the  table  to  which  it  is  clamped.  If  the  horizontal  boring 
machine  be  used,  the  hole  through  the  inside  head  for  the  sttifling 
box  must  be  large  enough  to  permit  a  stiff  boring  bar  to  be  pa.ssed 
through.  This  allows  a  support  at  each  end  of  the  bar,  to  take  the 
strain  o£  the  cut. 

The  plane  surfaces  may  be  finished  on  a  reciprocating  planei 
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or  a  rotary  planer.  In  the  latter  case  it  is  desirable  to  keep  all 
lugs  or  projections  back  from  finished  surfaces,  to  permit  the  large 
round  head  which  carries  the  cutters'  to  pass  over  them  without 
interference. 

The  drilling  of  standard  machine  parts  of  th's  character  is 
usually  done  through  jigs,  or  plates  carrying  hardeneil  steel  bush- 
ings laid  out  to  correspond  with  the  holes  required,  and  through 
which  the  drill  is  guided.  These  plates  are  located  by  some  fixed 
line  or  lug  on  the  casting,  and  then  clamped  fast,  thus  assuring 
exact  duplication  and  rapid  drilling,  and  avoiding  the  tedious 
laying  out  of  the  holes.  In  order  to  save  changing  the  drill  it  is 
desmible,  if  possible,  to  maintain  the  same  size  of  hole  on  any 
given  surface.     Of  couree  it  is  not  always  admissible  to  do  this. 

Plate  Q.  Steam  Cylinder.  After  the  exact  and  complete 
tleveloitment  of  the  steam-end  layout,  the  student  should  be 
pretty  thoroughly  acquainted  with  the  details  of  the  cylinder. 
All  the  work  thus  far  has  been  entirely  for  his  own  information, 
to  get  his  ideas  in  visible  shape,  so  that  he  himself  can  have  a  per- 
manent record  of  them.  This  layout,  however,  is  not.  in  suitable 
form  to  finish  up  into  a  detail  drawing.  Its  sketchy  nature  and 
the  confusion  of  parts,  especially  if  attempt  were  made  to  add 
dimensions,  would  render  it  somewhat  difficult  to  be  read  by  a 
workman  taking  it  up  as  an  unfamiliar  subject.  Hence  it  is  now 
necessary  to  separately  detail  the  parts,  with  the  object  in  view  of 
transferring,  in  the  simplest  and  most  direct  manner,  specific  infor- 
mation to  Xhe  workman  which  will  enable  him  to  construct  the 
several  parts.  It  is  not  enough  now  that  the  drawing  be  clear  to 
the  man  who  makes  it ;  it  must  be  clear,  ahsohitely  clear,  to  the 
shop  mechanic,  who  has  no  means  of  knowing  the  designer's  plans 
except  through  the  information  which  the  drawing  gives  on  its 
face. 

This  requires  that  the  di-aftsman  should  [uit  himself  in  the 
workman's  place,  and  forestall,  by  the  explicit  nature  of  his  draw- 
ing, all  possible  question's  which  may  arise  in  the  shop.  In  this 
way  only  can  he  hope  to  avoid  errors  of  construction  and  the  con- 
tinual annoyance  of  endless  explanation  of  his  orders. 

Plate  G  is  to  be  a  finished  drawing,  and  the  first  thing  to  do 
is  to  lay  out  the  sheet.     The  standard  sheet  for  details  which  baa 
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1  been  adopted  is  18  X  24  inclies  trimming  size,  with  J  incli  margin 
i  all  round,  so  that  the  working  space  is  17  X  23  inches.  •  The  rec- 
tiingle  for  the  title  is  to  be  laid  ofE  2i  X  4  inches  in  the  lower 
riglit-liand  corner,  and  must  never  be  altered,  either  in  size  or 
position.  This  does  not  mean  that  other  sizes  ai-e  wrong,  but 
once  a  standard  system  is  adopted  it  must  be  strictly  adhered 
to,  both  for  artistic  and  commercial  reasons.  The  scale  to  which 
the  drawing  is  to  be  made  is  indicated  in  the  title  corner  on  every 
plate. 

The  scales  permissible  for  shop  drawings  in  the  United  States 
are  those  readil}^  derived  from  the  common  foot  rule,  such  as 
full  size,  6  inches  r=:  1  foot,  3  inches  =  1  foot,  1\  inches  = 
1  foot.  These  are  the  most  common,  most  easily  read  from  an 
ordinary  scale,  and  one  of  these  can  usually  be  adopted.  The 
student  should  learn  to  read  these  from  an  ordinary  scale  without 
being  confined  to  a  special  graduation.  To  do  this  it  is  not 
necessary  to  divide  each  dimension  by  2,  4  and  8  to  get  half  size, 
quarter  size,  or  eighth  size,  and  then  lay  down  the  result.  For 
half  size,  or  6  inches  =  1  foot,  ;?-  inch  on  an  oi-dinary  rule  repre- 
sents 1  inch.     Hence,  each  half  inch  may  be  read  as  1  inch,  and 
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its  subdivisions  accordingly,  thus :         i  i  For  3  inches 


=  1  foot,  or  quarter  size,  ^  inch  represents  1  inch,  and  looks 
thus:  II  For  li  inches  =  1  foot,  or  eisfhth  size, 

II  r I  I  I  I  I  I  I  I  I  I  I  I  I  I 
,     .       ,  .       10        2  14        6  18 

I  inch  represents   1  inch,  and  looks  thus  :  i  ,       I       It 

I       I        I        I 
1 1 1 1 1 1 1  1 1  I  I  1 1 1 1  1 1 

is  Tery  easy  to  get  accustomed  to  this,  and  it  saves  much  time 
and  trouble  hunting  up  a  special  scale  every  time. 

The  other  allowable  scales,  less  common,  but  sometimes 
necessary  on  large  work,  are  1  inch  =  1  foot,  |  inch  ;=  1  foot,  i 
inch  =  1  foot,  I  inch  =:  1  foot,  ^  inch  =  1  foot,  and  i  inch  =-. 
1  foot.  To  use  these  scales  conveniently,  special  graduation  is, 
desirable. 

The  general  arrangement  of  the  sheet,  number  of  views  ana 
approximate  space  occupied,  should  be  blocked  out  first.  This  can 
easily  be  done  from  the  original  layout.     In  general,  several  cross- 
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sections  are  preferatle  to  a  single  view,  ■which  involves  many 
clotted  lines.  Dotted  lines  are  very  convenient  for  showing  invisible 
parts  of  an  ohject,  but  they  are  often  abused,  and  the  diawing 
of  a  complicated  piece  made  indefinite  and  confused  thereby.  Aa 
already  stated,  a  working  shop  drawing  is  solely  to  convey  infor- 
mation to  the  workman  at  the  least  possible  cost.  A  careful 
consideration  of  this  will  settle  the  questioti  of  the  number  of 
views  necessary,  their  character,  and  the  amount  of  dotted  line 
work  desirable. 

Never  let  the  drawing  become  the  master;  always  be  master 
of  the  drawing.  Do  not  draw  an  extra  view  if  no  use  can  be 
seen  for  it.  Do  not  put  in  dotted  lines  if  the  detail  is  completely 
shown  witiiout  them.  Full  lines,  or  lines  which  sliow  visible  por- 
tions must,  of  course,  be  shown  completely. 

The  nature  of  the  pencil  work  on  I'late  G  should  he  the 
same  as  on  the  original  layout ;  viz.,  sharp,  definite  lines  and  posi- 
tive intersections.  Above  all  things  learn  the  habit  of  accurate 
workmanship,  for  it  will  save  many  errors  and  a  vast  amount  of 
time.  The  draftsman  must  check  himself  at  every  line  he  draws. 
Slight  eriors  in  scaling  will  often  throw  parts  out  of  proper  rela- 
tion to  each  other,  and  interferences,  which  the  drawing  does 
not  show,  will  become  apparent  only  when  the  parts  get  into  the 
machinist's  hands. 

It  is  dangerous  practice  to  project  across  from  one  view  to 
the  other.  It  only  takes  a  slight  irregularity  or  spring  in  the  T- 
square  to  vary  the  location  of  lines  very  perceptibly  from  where 
they  should  be,  and  once  out  of  scale  from  this  reason  it  is  almost 
impossible  to  work  a  view  with  any  certainty.  Rather  than  pro- 
ject across  from  view  to  view,  the  principal  lines,  at  least,  should 
be  scaled  off  on  each  view,  and  it  will  be  found  that  in  the  end 
time  will  be  saved  and  greater  accuracy  secured. 

It  is  not  economical  of  time  to  finish  one  view  before  begin- 
ning another.  It  is  better  to  take  some  single  detail  of  the  draw- 
ing and  develop  it  in  all  views,  in  order  to  study  it  from  all 
sides.  What  is  completed  in  one  view  may  be  found  to  ue  totally 
wrong  when  developed  from  another  side,  and  the  time  spent  on 
the  first  view  will  be  wholly  wasted.  For  example,  in  the  present 
case  the  steam  ports  should  be  drawn  in  side  elevation,  end  elsvar 
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tion  and  plan,  and  when  thus  completed  the  mind  can  leave  them 
and  in  a  similar  fashion  take  np  the  study  of  the  flanges,  then  the 
cylinder  foot,  and  so  on.  Thus  again  the  draftsman  is  master  of 
his  drawing,  for  he  is  continually  making  it  tell  him  whether  he 
is  right  or  wrong.  If,  on  the  contrarj-,  he  allows  himself  to  look 
at  hut  one  side  at  a  time,  and  works  from  that  standpoint  alone, 
it  may  lead  him  into  many  difficulties  from  which  he  cannot 
readily  extricate  himself. 

Do  not  be  afraid  to  use  the  eraser.  The  draftsman  who 
hesitates  to  draw  until  he  is  positiv^e  that  no  change  will  be  neces- 
sary, is  likely  to  spend  the  greater  portion  of  his  time  in  unprofit- 
able dreams,  for  he  is  attempting  the  impossible.  A  drawing  is  a 
means, not  an  end;  and.  as  has  been  already  pointed  out,  it  greatly 
assists  the  draftsman  in  clearing  up  many  doubtful  questions  wliich 
the  imagination  alone  cannot  do. 

A  bold  attack  of  a  jji-oblem  shows  the  quickest  path  to  its 
solution,  even  if  lines  must  be  erased  again  and  again.  It  is  a 
sign  of  serious  lack  of  ability  to  hesitate  in  the  use  of  pencil  and 
eraser. 

Attention  is  called  to  the  simple,  straightforward  character 
of  Plate  G.  Notice  the  almost  entire  absence  of  dotted  lines ;  the 
enlarged  section  tlirough  the  ports,  giving  ample  opportunity  for 
dimensions  without  confusion ;  the  use  of  a  half  end  elevation  and 
a  half  cross-section, —  the  one  to  make  clear  the  flange  and  bolt 
layout ;  the  other  to  show  the  exhaust  opening,  the  small  auxiliaiy 
views  (drawn  at  convenient  points)  of  the  exhaust  flange  layout, 
the  cylinder  foot  and  the  drip  boss. 

A  steam  cylinder  is  a  fairly  complicated  casting ;  and  it  would 
be  an  easy  matter,  by  the  use  of  elaborate  views,  the  dotting  in  of 
parts  already  completely  shown,  and  careless  line  work,  to  rob 
this  drawing  almost  entirely  of  its  clearness  and  directness  of 
illustration.  Junt  what  is  necessary  (for  clearness'  sake)  and  no 
more  (for  cheapness'  sake),  is  the  whole  matter  in  a  nutsliell,  and 
is  what  determines  its  shop  and  commercial  value. 

Dimensions  and  Letters.  A  good  line  drawing  can  be 
spoiled  by  poorly  arranged  dimensions  and  hasty  lettering.  The 
five  principal  points  to  be  kept  in  mind  to  develop  excellence  in 
this  respect  are : 
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CI)  System. 

(2)  Accuracy. 

(3)  Clearness. 

(4)  Completeness. 

(5)  Character. 

Si/sfem.  The  habit  of  system  in  placing  figures  and  letters 
on  a  drawing  is  the  one  element  which,  to  a  large  extent,  controls 
all  the  others.  If  the  systematic  habit  is  established  early,  the 
other  requirements  will  be  fulfilled  more  easily.  A  haphazard 
method  will,  on  tlie  contrary,  just  as  surely  prevent  the  successful 
cultivation  of  the  ability  to  figure  a  drawing.  In  fact,  if  the  hap- 
hazard habit  is  continued  it  will  itself,  by  the  dissatisfaction  which 
it  causes,  soon  compel  the  draftsman  to  change  liis  occupation. 

In  the  fii-st  place,  whatever  part  of  a  machine  detail  is  to  be 
dimensioned,  that  particular  part  should  receive  attention  until  it 
has  been  completely  figured.  Do  not  jump  from  one  point  to  an- 
other, jiutting  in  a  figure  here  and  another  there.  Stick  to  one 
thing  imtil  it  is  done. 

For  example,  take  Plate  F  ami  the  simple  detail  of  the  steam 
pipe.  Suppose  we  start  with  one  of  the  square  flanges.  The  first 
question  is:  "Where  is  this  flange  located?"  This  is  answered 
by  the  dimensions  5  inches  and  21-inch  centers,  whicli  refer  the 
face  of  tlie  flange  to  the  center  of  the  pipe  and  the  flanges  to  each 
other.  The  next  question  is  :  "  What  are  the  three  dimensions  of 
the  flange, —  length,  breadth  and  thickness?"  This  is  readily 
answered  as  shown  on  the  drawing.  The  next  question  is :  "  What 
further  description  is  necessary  to  completely  specify  the  shape  of 
the  flange?"  This  is  answered  by  the  radius  of  the  corners,  | 
inch  R.  Next,  "What  drilling  or  special  feature  exists  in  the 
flange?"  This  is  answered  by  ii-inch  drill,  -B'-inch  centers,  and 
the  letter/ to  denote  that  the  face  is  to  be  finished. 

The  round  flange  of  this  pipe  is  approached  and  figured  in 
the  same  Avay,  except  that  the  location  of  the  face  is  preferably 
referred  to  the  face  of  the  square  flange  by  the  figure  8|  inclies, 
instead  of  to  the  center  of  the  pipe,  because  the  planer  hand  will 
more  naturally  use  this  figure. 

These  flanges  are  now  to  be  connected  by  a  pipe  involving 
two  sizes.  The  main  pipe  is  3  inches  diameter  inside,  4  inches 
outside,  and  1  inch  thick,  running  into  the  two  branches  by  fillets 
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and  radii,  as  figured.  The  two  branches  are  really  one  pipe,  2.5 
inches  inside,  3|-  inches  outside,  |-  inch  thick,  and  sweeping  down 
into  the  square  flanges  by  -l-inch  radius. 

Tliis  S3'steinatie  method  takes  longer  to  explain  than  to 
actuall}-  execute,  but  it  is  typical  of  the  train  of  thought  which 
must  be  followed  on  all  pieces,  simple  or  complicated,  in  order 
to  properly  place  dimensions. 

In  general,  it  may  be  stated  tbat  all  parts  of  a  piece  must  be 
referred  either  to  each  other,  or  to  some  common  reference  line,  or 
to  botli.  Each  part  so  referred  must  then  be  figured  as  a  piece  by 
itself,  and  then  its  connections  to  the  principal  structure.  Thus, 
figuring  a  macliiue  detail  involves  three  things: 

(1)  Relative  location  of  its  parts. 

(2)  Proportions  of  these  jjarts. 

(3)  I'roportions  of  connecting  members. 

As  in  the  original  design  of  a  piece  so  in  the  figuring  of  it, 
the  draftsman  must  as  far  as  possible  put  himself  in  tiie  place  of 
the  workman,  judging  the  methods  and  processes  of  construction 
and  available  tools.  This  will  largely  influence  the  arrangement 
of  the  dimensions.  Of  course  it  implies  considerable  experience 
in  shop  work,  which  some  students  do  not  possess.  He  can  begin 
none  too  early,  however,  to  learn  to  look  at  his  work  froni  tiie 
shop  standpoint,  and  surely  make  it  some  better  on  that  account. 

Pieces  must  not  onlj'  be  systematically  dimensioned,  but 
regularly  specified  and  called  for  by  suitable  titles. 

A  title  should  specif}-  at  least  three  things : 

(1)  Name  of  piece. 

(2)  Kumber  wanted  for  one  machine. 

(3)  Material. 

To  these  might  be  added  a  fourth;  viz.,  pattern  or  piece 
number.  The  latter  is  not  specified  on  the  drawings  under  dis- 
cussion, because  systems  of  pattern  and  piece  numbering  are  so 
varied  that  little  would  be  gained  by  developing  one  for  this 
special   study. 

These  titles  should  alwaj-s  be  put  on  in  the  same  way,  as  the 
workmen  become  used  to  a  certain  sj-stem  and  are  likelj'^  to  mis- 
understand directions  if  a  regular  plan  is  not  followed.  A  good 
way  to  arrange  titles  is  suggested  on  the  plates,  altliough  there 
are  others  which  might  be  used. 


24  MECHAXICAL     DKAWIXG. 

Dolts  are  usually  specified  by  diameter  and  length  under  the 
head,  the  length  of  thread  being  to  some  standard  system  in  use 
by  the  shop,  unless  otherwise  called  for.  Bolts  are  specified  on 
the  sheet  coutainiiiji  the  piece  into  which  they  are  tapped.  In  the 
case  of  tlirough  bolts,  tapped  into  neither  piece,  they  are  preferably 
called  for  in  connection  with  the  principal  member. 

Aci-uraci/.  Of  course  the  dimensions  on  a  drawing  must  be 
accurate.  It  is,  iiowever,  a  very  easy  matter  to  make  enors. 
To  insure  accuracy  a  figure  must  never  be  put  down  carelessly, 
and  a  constant  watch  must  be  kept  that  scaled  figures  add  up  to 
over-all  dimensions.  It  will  not  do  to  rely  on  scaling  alone,  as  a 
very  slight  variation  from  exact  scale  may  throw  two  dimensions 
out  with  each  other.  In  spite  of  all  the  care  that  can  be  exer- 
cised errors  will  creep  in,  and  a  final  thorough  checking  mitst  be 
given  a  drawing  before  it  is  pronounced  coniplete.  A  good  rule 
to  follow  in  checking  up  is  to  "assume  everything  wrong  until  it 
is  proved  to  be  right." 

Clearness.  As  in  the  line  drawing  itself,  there  must  be  abso- 
lute clearness  of  instruction  by  the  dimensions.  Anj*  doubt  as  to 
what  a  figure  is,  or  what  it  means,  rules  out  that  figure  as  part  of 
the  drawing.  If  a  piece  is  made  wrong  because  doubt,  of  this 
character  is  transmitted  to  the  workman,  the  draftsman  is  always 
held  responsible  for  the  error. 

Figures  should,  in  all  cases,  be  placed  where  they  can  be 
most  clearly  read.  They  should  be  bunched  on  a  single  view  as 
far  as  possible,  but  not  when  greater  clearness  demands  that 
another  view  be  used.  It  hinders  the  reading  of  a  drawing 
materially  if  the  eye  is  forced  to  jump  over  large  spaces  of  the 
sheet  from  view  to  view,  to  catch  the  several  dimensions  of  a  small 
detail.     Usually  it  is  easy  to  so  group  figures  as  to  avoid  this. 

It  is  a  good  plan  to  keep  dimensions  off  the  body  of  the  draw- 
ing, when  it  can  be  done  so  conveniently.  It  is  not  worth  while, 
however,  to  go  out  of  one's  way  to  do  this,  as  figures  in  the  open 
spaces -of  a  detail  do  not  at  all  destroy  its  clearness. 

,  Extended  notes  on  a  drawing  to  make  it  clear  should  not  be 
required,  but  they  should  be  used  without  hesitation  if  any  doubt 
exists.  An'  explicit  note  of  instruction  is  the  final  resource  for 
clearness  when  the  art  of  drawing  fails  of  its  purpose,  as  it  some- 
times does. 


:\[£CIIAXICAL     DKAWIXG.  '    25 

Completeness.  A  detail  is  completely  dimensioned  when  it. 
shows  all  the  liguies  necessary  for  the  workman.  Anything  short 
of  this  is  incompleteness.  As  modern  shops  .hold  tlie  draftsman 
solely  responsible  for  tlie  design,  the  mechanic  is  not  allowed  to 
modify  it  b}^  lilling  in  anj^  omitted  dimensions.  The  only  way  to 
be  sure  that  all  tiie  dimensions  ai'e  on  is  to  systematically  go  all 
round  a  piece  inside  and  out,  according  to  the  method  suggested 
under  the  paragraph  on  "Sj'stem." 

It  is  a  good  plan  to  alwa3's  bear  in  mind  that  not  only  the 
machinist  is  to  use  the  drawing,  but  also  the  pattern  maker.  For 
the  benefit  of  the  latter,  special  attention  is  desirable  in  figuring 
the  cores.  This  saves  him  some  addition  and  subtraction.  In 
genei-al,  it  has  been  found  that  less  chance  of  error  exists  if  mathe- 
matical work  is  not  required  of  the  shopman,  all  necessary  data 
being  furnished  on  the  face  of  the  drawing. 

Character.  By  character-  in  figures  and  letters  is  meant  uni- 
form style,  height  and  slope,  and  a  certain  boldness  peculiar  to 
the  work  of  the  expert  draftsman.  The  last  is  difhcult  for  the 
novice  to  .acquire.  The  student  should  not  be  discouraged  be- 
cause his  efforts  do  not  look  like  impressions  from  printers'  type. 
Artistic  excellence  is  the  result  of  long  experience,  but  is  based  on 
character.  If  the  student  can  once  get  character  into  his  work, 
the  artistic  feature  will,  \\'\t\\  careful  and  constant  practice,  gradu- 
ally develop.  It  is  safe  to  say  that  there  is  no  one  element  of  a 
drawing  which  more  positively  stamps  it  as  the  work  of  an  amateur 
than  the  character  of  the  lettering,  and  every  attention  should  be 
paid  to  getting  out  of  the  ajjprenticeship  stage  in  this  respect. 
Freehand  lettering  only  is  permitted  in  the  drawings  illustrated 
herewith.  Ruled  letters  are  seldom  found  on  any  working  draw- 
ings, as  the  element  of  time  involved  is  so  great  that  few  shops 
are  willing  to  pay  for  it. 

Uniform  style  requires  that  if  capitals  only  are  used  iu  titles, 
they  only  must  be  used  in  notes  and  elsewhere  on  the  drawing.  If 
lower-case  letters  are  used,  they  must  be  used  in  every  part  of  the 
drawing.  One  style  should  not  be  mixed  with  another.  The  height 
of  the  letters  should  be  limited  by  two  horizontal  lines,  and  though 
practice  may  render  tlie  upper  line  unnecessar}',  it  takes  but  an 
instant  to  draw  it,  and  uniform  height  is  then  assured.     A  good 
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lit'irrlit;  for  titles  of  details  snch  as  are  illustrated  is  -^^  incli.  The 
height  once  chosen  should  be  adhered  to  throughout  the  whole  set. 
A  medium,  not  a  hard,  grade  of  pencil  (311)  will  give  the  hand 
greater  freedom.  A  great  temptation  exists  to  omit  titles  from  the 
pencil  drawing,  simply  inking  them  on  the  tracing.  This  is  false 
economy  of  time,  for  in  the  end  it  will  he  found  that  enough  time 
will  be  saved  by  the  certainty  with  which  the  tracing  can  be  made 
to  more  than  pay  for  the  labor  on  the  pencil  drawing.  Again,  it 
permits  the  tracing,  in  regular  shop  practice,  to  be  made  by  clioaper 
labor  than  that  which  produced  the  pencil  diawing. 

Uniform  slope  is  most  easily  acquired  by  the  use  of  guide 
lines  put  in  at  frequent  intervals.  A  small  wooden  tiiangle  can 
be  made,  giving  the  required  angle.  The  angle  of  the  letters 
shown  on  tlie  plates  is  9  degrees,  or  about  1  inch  .sloi)e  in  6  inches. 
The  question  as  to  wliether  letters  should  incline  backwards,  fop- 
wards,  or  stand  vertical,  does  not  enter  this  discussion.  Character 
is  not  affected  by  the  slope.  The  student  may  clioose  whatever 
comes  most  natural  to  him,  but  having  chosen,  the  character  of 
ills  work  will  be  spoiled  if  he  varies  it.  The  most  difficult  of  the 
three  is  the  vertical  style;  hence  most  draftsmen  incline  their 
Utters.  The  backward  slope  is  used  on  the  plates  of  this  ehop 
drawing  paper,  thus  givin<r  the  student  opportunity  to  compare 
with  plates  in  the  earlier  books,  and  follow  his  preference. 

The  effect  of  change  of  style,  height  and  slope  is  shown  in 
Figs.  2,  3  and  4,  respectively.  Attention  is  called  to  Fig.  5,  which 
is  a  sample  title,  in  which  theso  points  are  corrected. 

Principal  Titles.  The  principal  title  of  a  drawing  sho'ild 
contain  at  least  seven  items: 

(1)  Name  of  priDcip.il  details  shown. 

(2)  Name  of  machine. 

(3)  Firm  name  and  lucatioD. 

(4)  Scale  of  drawing. 

(5)  Date  of  completion. 

(6)  Draftsman's  sign.ituro. 

(7)  Filing  number. 

To  these  are  often  added  others,  hut  for  purposes  of  filing  and 
reference  the  above  at  least  must  be  put  on.     The  filing  number  . 
may  or  may  not  be  put  in  the  title  frame,  but  it  is  really  a  jiart  of 
it.     It  is  often  put  in  the  margin  below  the  title. 
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COOLING  TOWER  AND  SURFACE  CONDENSER   AS  APPLIED  TO  STEAM  TURBINE. 
Alberger  Condenser  Company. 
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An  arrangement  of  title  should  bo  established  and  then  fol- 
lowed exactly,  without  variation  eitlier  as  to  Ideation  on  sheet  or 
detail  make-up.  Abbreviated  words  are  always  permissible  in 
titles,  provided  the  mean- 
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Fig.  2. 


ing  is  clear.  Special  care 
must  be  taken  in  punctua- 
tion, however,  as  a  title, 
whether  abbreviated  or  not, 
has  an  unfinished  appear- 
ance if  the  periods,  connnas 
and  other  uecessai-y  punc- 
tuation marks  are  not  in- 
cluded. 

The  sample  title 
illustrated  in  Fig.  5  indi- 
dites  the  arrangement 
chosen  for  the  drawings  of 
Part  IV.  N'ote  that  it  is  necessary  in  this  special  case  to  add  an 
extra  subject  to  the  seven  given  above ;  viz.,  the  residence  of  the 
student  draftsman, 

This  style  of  title  must  be  put  with  care  on  every  drawing, 
even  on  the  rough  pencil  layouts.  In  the  latter  case  it  may  of 
course  be  left  in  pencil,  as  the  rough  layouts  are  not  to  be  inked. 


^» 


Fig.  4. 


Inking  and  Tracing.     Both  bond  paper  and  tracing  -cloth  are 
used  iu  business  practice  for  finithed  dravi^ings.     It  is  desirable  to 
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keep  a  stock  of  botli  in  any  diawiui^  oflice,  so  that  eitlier  may 
be  used  iis  occasion  requires.  Hond  paper  stretched  on  the 
board  gives  a  Iwautiful  surface  to  take  tlie  ink,  and  very  handsome 
and  effective  detail  or  assembled  drawings  can  tlius  be  produced. 

Changes  are  not  quite  as  readily  made  on  bond  paper  as  on 
tracing  cloth,  and  it  takes  a  little  longer  to  make  the  blue  jjrint. 
In  other  ways  the  bond  paper  is  not  quite  as  flexible  to  use  as 
tlie  tracing  clotli.  However,  one  must  be  guided  entirely  by  shop 
conditions  to  settle  the  question  of  preference.  As  tlie  tracking 
clotli  is  generally  used,  and  suits  tlie  pur[)0se  of  the  student 
better,  it  \vill  be  required  in  this  work. 

The  inking  shoidd  be  done  on  tlie  rouyh  side  of  the  clotli. 
One  reason  for  choosing  this  side  is  that  as  the  cloth  tends  to  curl 
under  toward  the  glazed  side,  the  drawing  as  it  lies  right  side  up 
■will  tend  to  straighten  itself.  This  seems  to  be  a  small  point,  but 
it  ia  a  very  important  advantage  for  filing  and  for  the  convenience 
of  those  who  are  to  handle  the  drawings.  Also  the  rough  side 
takes  colors  and  inks  better  than  the  glazed  side.  To  trace  on  tlie 
glazed  side  is  not  wrong,  for  it  is  often  done,  but  it  possesses  no 
advantages  of  its  own,  and  has  the  disadvantage  mentioned  above. 

Chalk  dust  scattered  over  tlie  surface  of  the  cloth  after  it  is 
tacked  down  will  remove  the  slightly  greasy  coating  which  pre- 
vents the  ink  from  flowing  well  from  the  pen.  This  is  always 
necessary  if  the  glazed  side  be  used,  and  usually  for  the  rough 
side.  The  chalk  must  be  carefully  removed  from  the  cloth  before 
inking. 

The  first  step  in  inking  is  to  draw  the  center  lines.  Kemem- 
ber  that  accurate  intersections  are  of  the  utmost  importance.  No 
circle  is  complete  without  two  intersecting  lines,  preferably  at  90 
degrees,  to  determine  its  center,  and  these  lines  should  be  inked 
before  the  circle.  AVhen  this  is  done  a  definite  point  exists  for 
the  needle  point  of  the  compasses.  If  the  circle  is  drawn  first  the 
needle  point  may  not  be  placed  accurately  at  the  center  on  the 
pencil  drawing  beneath,  and  the  location  be  thrown  out. 

Likewise  the  principal  center  lines  of  pieces,  the  lines  around 
which  the  pencil  drawing  was  built  up,  should  be  at  once  put  in. 

The. main  bodv  of  the  drawing,  the  full  lines,  should  be  taken 
ne.xt.     In  general,  circles  and  arcs  should  be  inked  first,  but  there 
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arc  cases  where,  it  is  easier  to  run  the  arcs  into  the  straight  lines 
than  to  match  the  straight  lines  to  the  arcs.  Thej"^  are  exceptions, 
liowevei',  and  can  be  judged  only  as  the  case  arises. 

Straight  lines,  horizontal  and  vertical,  should  be  iidced  with 
the  T-square  and  triangle  in  position.  It  is  a  common  practice  to 
dispense  with  the  use  of  the  T-sqiiare  entirely  in  iiiking  in,  using 
the  triangle  to  match  the  lines  to  the  arcs  already  drawn.  A 
necessity  for  this  implies  very  poor  work  on  the  arcs,  for  ■\^ilh 
any  reasonable  care  true  horizontal  and  vertical  lines  wiU  match 
the  ares  all  right.  With  regard  to  time  required,  the  accuracy 
with  which  tlie  T-square  may  be  brought  up  to  a  line,  or  the  tri- 
angle set  on  the  T-square,  more  than  makes  up  for  the  time 
gained  in  even  an  approximate  setting  of  the  triangle  without  a 
guide.  It  is  just  as  easy  to  cultivate  the  habit  of  holding  the  T- 
square  and  triangle  with  the  left  hand  and  the  pen  with  the  right, 
and  draw  an  exact  line,  as  to  lapse  into  the  other  method,  which 
is  not  workmanlike. 

The  lines  of  the  body  of  the  drawing  depend  for  their  width 
upon  the  size  of  the  detail.  For  a  large  piece  they  may  be  -gV  inch 
wide,  and  the  shade  lines  ^^  inch.  For  a  small  detail  such  widths 
would  be  too  great.  Remember  that  contrast  is  the  principal  aim, 
and  to  produce  it  is  the  only  reason  why  we  use  different  kinds  of 
lines  on  a  drawing.  Hence  the  greatest  care  must  be  exercised  to 
prevent  body  lines  from  becoming  confused  with  center  or  dimen- 
sion lines,  and  vice  versa.  Also  thick  lines  are  desirable  for  the 
pi-oduction  of  a  bold  blue-print. 

Shade  lines  are  shown  on  Plates  I,  K  and  N  only.  They  are 
put  on  according  to  principles  already  explained.  They  certainly 
improve  the  drawing  from  an  artistic  standjjoint,  and  the  student 
should  know  how  to  put  them  on  when  desired.  Whether  or  not 
it  is  desirable  to  adopt  them  on  all  working  drawings  is  not  th« 
purpose  of  this  book  to  decide,  or  even  discuss.  Almost  always 
drawings  can  be  made  perfectly  clear  without  them,  and  are  so 
made  and  satisfactoril}^  used  in  probably  the  majority  of  shops. 
Some  shops  are  willing  to  pay  for  the  extia  time  necessary  to  put 
on  shade  lines ;  this,  however,  is  purely  their  own  investment. 

Cross-section  lines  are  usually  drawn  at  an  angle  of  45 
degrees  with  the  horizontal,  and  on  sections  which  are  adjacent 
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to  each  other  the  slope  should  bo  in  lUfferent  directions.  If  three 
or  more  sections  come  together  the  width  between  section  lines 
can  be  so  changed  as  to  indicate  clearly  the  different  parts.  An 
example  of  this  is  shown  in  Fig.  6. 

The  spacing  of  section  lines  must  not  be  too  fine,  rarely 
closer  than  -jL  inch,  more  often  from  J^  to  |  inch,  else  tlie  labor 
involved  is  too  great  and  uniformity  practically  impossible.  It  is  a 
waste  of  time  to  rule  in  section  lines  on  the  pencil  drawing ;  they 
may  be  sketched  in  freehand,  as  shown  on  the  original  layout  of 
the  steam  cylinder.  Even  spacing  concerns  the  tracing  alone, 
and  the  student  should  train  his  eye  to  regularity  iis  he  traces. 
The  tliicliness  of  section  lines  may  be  intermediate  between  that 
of  center  lines  and  body  lines  of  the  drawing. 

Inking  Dimensions  and  Letters.  Extension  lines  may  be 
Jotted,  as  explained  in  Part  III, 
or  they  may  be  fine,  full  lines, 
the  latter  method  being  illus- 
trated in  tho  Et-ries  of  ])unip 
plates  in  this  paper.  Dimen- 
sion lines  are  also  often  made 
fine,  full  lines.  If  these  lines  are 
made  fuU  they  should  be  made 
as  fine  as  it  is  possible  to  draw 
them  and  still  have  them  firm, 
clear  lines.  The  same  width 
should  be  used  as  for  center  lines. 

Character  in  inked  figures 
and  letters  is  more  difficult  to 
attain  than  in  pencil  work.  In 
the  first  place  a  pen  suitable  to 
the  style  of  drawing  is  necessary.  A  civil  engineer's  fine  map- 
ping pen,  which  gives  character  to  his  drawing,  is  not  desirable  in 
producing  the  bold  character  of  a  machine  drawing.  For  the 
latter  choose  a  rather  stiff,  blunt  pen  which  is  not  "scrateiij, 
but  runs  smoothly,  making  a  line  of  uniform  width.  A  pen  with 
a  round,  or  ball-shaped  nib,  recently  put  on  the  market,  answers 
the  purpose  well  for  ordinary  details.  A  bold,  free  stioke  should 
be  made  with  the  idea  of  producing  a  smooth,  even  line,  finished 


^ 1 17:1 liiklSiiJJl  • 


Fig.  6. 


MECHANICAL    DRAWING,  31 


at  the  first  trial.  The  hesitating  uncertainty  of  the  Ijeginner's 
band  produces  a  "shaky"  letter,  and  going  over  a  letter  or  figure 
twice  or  more  to  smooth  it  up  usually  makes  it  worse. 

Figures  and  letters  which  are  broad  in  proportion  to  height 
are  easier  to  make,  and  have  more  character.  It  should  never  for 
a  moment  be  forgotten  that  uniform  height  and  slope  carefullv 
followed  will  develop  character  and  quickly  lead  to  artistic 
excellence. 

Foot  and  inch  marks  are  often  put  after  figures  according  to 
the  common  usage.  In  cases  where  feet  and  inches  are  expressed, 
tlms:  3'  —  6",  or  4' —  0*,  they  are,  of  course,  absolutely  necessarj', 
and  the  dash  between  the  figures  must  be  very  positively  indi- 
cated. In  cases  of  inch  dimensions  alono  the  marks  may  be  put 
on  if  desired,  but  where  there  can  be  no  doubt  that  inches,  and 
not  feet,  are  meant,  the  inch  marks  are  not  necessary.  This  prac- 
tice is  followed  on  the  plates  of  this  paper. 

Abbreviations.  A  list  of  the  most  common  abbreviations  in 
;i3e  on  working  di-a,ving8  follows.  This  list  lias  been  adopted  for 
the  plates  in  Part  IV": 

F.  A.  O finished  all  over. 

/ fiuisbed  surface. 

R,     radius. 

T> diameter. 

II.  II right  haud. 

L.  II left  baud. 

P.  Tl piston  rod. 

P.  TAP pipe  tap. 

CTRS centers. 

C.  I cast  iron. 

S.  C steel  casting. 

Bz bronze. 

C.  R.  S cold  rolled  steel. 

T.  S tool  steel. 

O.  n.  S open  hearth  steel. 

W.  I wrought  iron. 

PJate  E.  Piston  Rod  and  Valve  Stem.  Tlie  piston  is  of 
I  the  one-piece  box  type,  with  sprung-in  rings.  The  widtli  is  re- 
duced to  4|  inches  at  the  outside,  so  that  if  the  piston  strikes  the 
cyhnder  heads  it  will  not  tend  to  spring  and  break  off  the  narrow 
ridge  of  metal  outside  of  tlie  packing  ring.  The  piston  rod  is 
fastened  to  the  piston  on   a  taper  drawn    in  by   a  uui,  and  the 
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nut  is  checked  by  a  ^-inch  split  pin.  The  packing  rings  are  pre- 
vented from  slipping  round  the  piston  by  lugs  fitting  loosely  in 
chipped  recesses  iu  the  groove.  These  being  at  opposite  sides  for 
eaih  groove,  the  leakage  of  steam  through  the  split  in  the  ring  is 
muiiuiized,  for  it  must  pass  half  way  round  the  piston  before  it  can 
pass  through  tlie  split  in  the  other  ring.  This  is  a  simple,  but 
fairly  effective,  device. 

The  packing  rings  are  usually  cast  in  the  form  of  a  C3dinder 
of  some  length,  turned  to  a  diameter  a  little  larger  than  the  cylin- 
der liore,  cut  off  to  the  required  width,  and  sufficient  space  cut 
out  to  permit  being  sprung  in  to  the  size  of  cylinder  bore. 

The  location  of  the  spool  on  the  piston  rod  is  not  positively 
known,  as  the  setting  of  the  valve  bracket  may  be  slightly  differ- 
ent from  wluit  the  drawing  calls  for;  Hence,  instead  of  a  dimen- 
sion, the  words  "  measure  for "  are  put  on,  to  indicate  that  the 
spool  be  located  during  the  erection  of  the  inimp.  The  hexagonal 
flanges  of  the  spool  are  convenient  to  hold  the  rod  from  turning 
while  screwing  on  the  piston  and  plunger  nuts. 

Molding  and  Machining.  There  are  no  special  features  con- 
nected with  the  molding  and  machining  of  parts  on  Plate  E.  The 
holes  in  the  piston  side  walls  are  necessary  to  give  supports  for 
the  core,  the  piston  being  cast  on  its  f?ide.  These  holes,  after  the 
core  is  cleaned  out  through  them,  aie  plugged  as  indicated. 

Plate  F.  Steam  Chest  and  Valve.  The  steam  chest  in 
this  instance  is  located  on  the  cylinder  by  fitting  down  over  the 
ledge  made  by  the  valve  seat.  The  side  flanges  also  serve  the 
purpose  of  guiding  the  valve.  It  will  be  noticed  that  the  steam 
chest  cover  is  \o^  inches  X  H^  inches,  while  the  steam  chest  is 
15  inches  X  H  inches.  This  allows  a  ledge  of  ^  inch,  all  around 
which  the  cover  overhangs  the  walls  of  the  chest.  The  steam 
cylinder  flange  in  order  to  correspond  must  Idcewise  be  15|  inclies 
X  ll|  inches.  The  reason  this  is  done  is  because  of  the  ditificulty 
of  making  good  matched  joints  between  the  cylinder  flange,  chest 
ajid  cover.  The  practice  of  thus  leavuig  a  little  ledge  all  round 
is  by  no  means  univei-sal,  and  often  the  irregularity  in  the  joints 
is  smoothed  off  by  chipping.  This  is  the  case  with  the  other 
flanges  on  this  pump.  The  steam  chest,  however,  was  thought 
less  likely  to  match  properly,  and  the  slight  overhang  gives  the 
finished  appearance  of  a  sort  of  beaded  edge. 
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Tlie  s'alve  is  what  is  known  as  a  "square  "  slide  valve.  This 
means  that  when  the  valve  is  pluced  central  on  the  ports  its  work- 
ing edges  are  "  square  "  with  the  ports  ;  that  is,  in  exact  line  with 
tliem.  If  the  valve  be  moved  either  way  from  this  position,  the 
slightest  travel  wmII  admit  steam  to  one  end  of  the  cylinder  and 
eshanst  it  from  the  other.  (See  Plate  A.)  Another  way  of  stating 
tills  is  to  say  that  a  "square"  slide  valve  is  a  slide  valve  without 
"lap." 

The  valve  is  driven  from  the  valve  stem  by  the  striking  of 
the  .luts  against  tlie  lug  on  its  top.  Since  the  valve  is  already 
guided  on  its  edges  by  the  steam-ehest  flange,  the  valve  stem,  to 
avoid  springing,  must  be  perfectly  free  in  the  slot  cast  for  it,  as  is 
shown  by  the  |-inch  rad'us  of  the  bottom,  the  stem  being  1  inch 
in  diameter. 

The  steam-pipe  flange  is  made  square  to  keep  the  height  of 
the  chest  as  low  as  possible.  The  radius  of  the  bend  should  be 
ample  ;  in  this  case  4  inches  is  considered  sufficient. 

The  exhaust  tee  must  have  its  upper  flange  high  enough  so 
that  the  chest  cover  can  be  lifted  and  slipped  off  the  studs  without 
interfering  with  it.  The  low'er  flanges  should  be  made  Avide 
enough  to  permit  the  tap  bolts  to  be  put  in  without  striking  the 
4-inch  vertical  pipe,  5-inch  centers  being  necessarj'.  The  J-incli 
drip-cock,  as  located,  readily  drains  the  steam  chest  and  exhaust 
passage  of  both  cylinders,  as  well  as  the  exhaust  tee. 

Mohling.  It  is  evident  that  the  steam  chest  will  be  molded 
in  the  position  shown  on  the  drawing.  Tlie  parting  line  of  the 
mold  will  be  through  the  centers  of  the  steam-pipe  opening  and 
the  stuffing-box.  These  holes  must  be  cored  out.  The  main  body 
of  the  chest  could  be  made  to  leave  its  own  core,  but  it  may 
not  l)e  made  in  this  way.  It  may  be  cheaper  to  fashion  the  pattern 
solid,  and  make  one  large  core-box  for  the  inside.  In  this  way 
the  pattern  will  probably  hold  its  shape  better  and  require  less 
repaii's,  than  if  it  were  made  in  green  sand.  The  core-box  will  be 
an  extra  piece  to  make,  but  it  probably  will  cost  no  more  than  to 
carve  out  the  inside  of  the  pattern,  and  is  a  rather  more  substantial 
job  when  done.  The  molding  can  be  satisfactorily  done  by  either 
method,  shop  conditions  being  the  controlling  element.  As  far  as 
the  labor  of  molding  alone  is  concerned,  the  first  method  is  prob- 
ably easier,  as  it  saves  handling  large  cores. 
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The  otiier  parts  in  Plate  F  are  very  simple  in  their  molding, 
and  require  no  spt'cial  attention. 

Mttchinimi.  J\Iost  of  the  surface  work  on  this  plate  is  adajited 
to  the  planer.  The  slide  valve  maj^  perhaps,  if  finished  in  lots  of 
considerable  number,  be  more  satisfactorily  handled  on  the  milling 
machine.  Tiie  final  finish  of  the  face  of  the  valve  must  be  a  scraped 
fit  to  its  seat. 

The  drilling  of  the  cover  and  pipe  flanges  is  to  actual  layout 
on  tlie  casting,  or  preferably,  through  jig  plates.  A  templet  for 
laying  out  is  at  least  desirable,  even  thougli  the  expense  of  a  jig 
plate  be  not  deemed  necessary. 

Plates  C  and  D.  Valve  Motion  Layout.  These  plates  rep- 
resent the  layout  of  the  valve  motion,  and  are  necessary  in 
order  to  find  the  length  of  the  levers  and  rocker  arms.  It 
will  be  noticed  in  Plate  D  that  the  valve  stem  of  one  side  of 
the  pump  is  controlled  by  the  movement  of  the  piston-rod  of  the 
other  side,  tlie  proper  direction  of  motion  being  given  to  the  valvo 
by  placing  the  rocker  shaft  above  or  below  the  valve  stem  as 
required.  By  reference  to  Plate  A  it  will  be  further  noticed 
tiiat  the  nuts  on  the  valve  stem  inside  the  chest,  which  abut 
against  the  faces  of  the  lug  on  the  valve,  do  not  rest  against  the 
faces  of  the  lug  in  tlie  position  shown,  but  have  considerable 
lost  motion.  This  lost  motion  is  one  of  the  essential  features 
of  the  valve  motion  of  a  duplex  pump,  and  permits  the  valve  to 
remain  at  rest  for  a  short  period  at  the  end  of  the  stroke,  though 
the  valve  stem  raiy  have  reversed  its  motion  and  begun  its 
return  stroke.  "Wlien  this  lost  motion  is  taken  up  by  the  move- 
ment of  the  stem  and  the  nuts  abut  against  the  lug  on  the 
valve,  the  valve  will  move,  and  from  this  point  to  the  end 
of  the  stroke  be  positively  controlled  by  the  motion  of  the  stem. 
At  the  end  of  the  stroke  the  stem  will  reverse,  when  the  lost 
motion  will  again  permit  the  valve  to  rest  for  the  same  period 
as  at  the  other  end,  and  then  move  on  as  before.  The  time  ot 
rest  of  the  -,alve,  and  consequently  the  pistons  and  plungers,  is 
approximately  one-third  the  period  of  the  stroke.  This  means 
that  the  piston  on  one  side  ti-avels  one-third  of  its  stroke  before 
it  picks  up,  through  the  valve  levers,  the  valve  on  the  other 
Bide.     During  tlie  second  third  of  its  travel  it  is  bringing  the 
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valve  to  the  point  of  opening.  During  tlie  last  third  of  its  travel 
it  is  opening  th6  port,  wider  and  wider,  to  steam.  Thus  tlie 
opposite  piston  will  start  when  the  first  piston  has  covered  two- 
thirds  of  its  stroke,  and  there  will  be  only  one-third  of  the  stroke 
when  both  pistons  are  moving  at  the  same  time. 

Tliis  relative  period  of  rest  to  motion  is  not  alwa3-s  made 
in  this  exact  ratio,  but  is  at  least  approximate  to  it.  The 
period  of  rest  at  the  end  of  the  stroke  is  to  allow  the  water  end 
to  adjust  itself  quietlj'  to  the  reversal  of  motion  about  to  take 
place  at  the  end  of  the  stroke.  When  the  plunger  stops,  the 
water  valves  must  be  given  time  to  seat  themselves,  and  the  flow 
of  water  through  the  passages  checked.  It  is  much  easier  to  start 
the  flow  in  the  opposite  direction  if  the  reversal  of  plunger  motion 
is  not  instantaneous.  Hence  for  handling  long  columns  of  water, 
wliich,  once  in  motion,  tend  by  considerable  energy  to  remain  in 
motion,  the  duplex  pump  by  this  peculiar  delayed  action  has  been 
found  to  be  well  suited. 

It  will  be  found  that  for  complete  uncovering  of  port,  and 
motion  divisible  into  thirds  as  described,  the  travel  of  the  valve 
stem  should  be  three  times  the  width  of  port,  or  3  X  |  inch  =  2| 
inches.  A  little  more  than  this  is  allowed,  and  the  travel  made 
2^  inches  in  this  case.  Referring  to  Plate  C,  this  distance  is  laid 
off  as  shown  by  the  two  limiting  vertical  lines  across  the  line  of  the 
valve  stem,  the  central  vertical  line  of  raid-position  being  drawn. 
The  problem  then  is  to  find  such  centers  for  the  rocker  arms  that 
the  travel  of  the  piston-rod  spool  will,  through  proper  leverage, 
produce  travel  of  the  valve  stem  between  these  two  vertical  lines. 
This  can  readily  be  done  by  a  few  trials,  the  only  requirement 
for  this  case  being  tliat  the  extremes  of  the  arc  of  swing  of  both 
piston-rod  lever  and  rocker  ami  shall  be  equally  above  and  below 
the  center  of  piston  rod  and  valve  stem  respectively.  The  greatest 
possible  travel  of  the  piston-rod  spool,  12J  inches,  is  usually  laid 
out  in  this  case,  not  the  nominal  12  inches. 

From  this  layout  the  lengths  of  the  levers  and  arms  may  l)e 
scaled  off  for  the  detail  drawing,  also  the  location  of  the  rocker- 
arm  centers.  The  student  has  the  former  given  him  on  Plate  K, 
but  the  latter,  which  is  necessary  for  the  development  of  Plate  L, 
must  be  determined  by  his  own  layout.      Plate  D  must  also  be 
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laid  out  l)efoie  developing  the  cross-section  of  the  valve  bracket. 

The  design  of  starting  boxes  for  both  steam  and  water  ends, 
and  the  length  of  the  yoke,  should  be  determined  next.  A  safe 
method  of  assuming  clearance  between  the  spool  and  the  gland 
studs  at  the  end  of  the  stroke,  is  to  imagine  that  the  gland  stud 
nuts  have  accidentally  worked  off  the  studs,  so  that  they  are  about 
to  drop.  They  are  thus  shown  by  dotted  lines  on  I'late  C.  A 
good  clearance,  say  ^  inch  to  ^  inch,  is  then  allowed,  and  the  gland 
drawn  in.  The  length  of  the  gland  is  determined  by  the  number 
of  rings  of  packing  necessary  in  the  stuffing  box;  it  is  usually  pro- 
vided that  the  gland  may  compress  the  packing  to  about  one-half 
its  original  depth  before  bringing  up  against  the  face  of  the  box. 
Packing  |  inch  square  will  do  for  this  size  of  piston  rod,  hence 
the  faces  of  the  yoke  are  easily  determined,  and  its  detail,  with 
the  stuffing  boxes,  proceeded  with  as  on  Plate  L.  The  length  of 
yoke  may  be  brought  to  an  even  figure;  and  proceeding  on  the 
above  plan  the  length  can  be  conveniently  made  in  even  inches 
without  any  fractions;  viz.,  28  inches. 

It  will  Ije  noticed  that  the  stuffing-box  flanges  serve  to  center 
the  yoke  in  line  with  the  steam  and  water  cylinders.  This  is  a 
desirable  feature  of  construction,  and  forms  a  simple  and  easj' 
method  for  lining  up  the  steam  and  water  ends. 

Plate  K.  Valve  Motion  Details.  The  piston-rod  levers  on 
this  plate  are  specified  to  he  steel  forgings.  Forgings  of  this  kind 
are  expensive,  but  are  light,  neat  and  reliable  for  the  important 
service  which  they  have  to  perform.  Castings,  whether  steel  or 
iron,  are  much  cheaper,  and  perhaps  more  commonly  used  for  this 
detail.  When  sound  they  are  equally  serviceable,  though  of  more 
clumsy  proportions  ;  but  the  danger  in  castings  of  this  form  is  the 
existence  of  hidden  flaws  or  pockets,  which  frequentl}'  occur  at 
the  points  where  the  hub  or  the  fork  joins  the  arm.  These  flaws 
cannot  be  readily  detected  from  the  outside,  and  breakage  may 
occur  at  some  critical  time,  when  the  disability  of  the  pump  may 
be  a  serious  matter. 

The  use  of  shade  lines  is  illustrated  ori  this  plate.  The 
increased  artistic  effect  is  noticeable,  but  it  would  seem  thai 
absolute  clearness  would  still  exist,  even  if  sliade  lines  were  not 
'ised. 
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It  will  be  noticed  that  on  the  detail  of  the  "  link  pin  "  two  of 
tlie  dimensions 'have  a  short  "wavy"  line  benciith  the  liguies. 
This  is  one  of  tlie  several  ways  of  indicating  that  tlie  dimension 
is  "out  of  scale."'  Some  draftsmen  use  a  straight  dasli  beneath 
the  figure;  some  draw  a  circle  about  it;  some  print  after  the 
figure,  "  out  of  scale."  Although  workmen  are  not  allowed  to 
scale  drawings,  but  are  required  to  "  work  to  figures  only,"  jet 
for  general  safety's  sake,  and  for  the  sake  of  the  draftsmen  who 
consult  the  drawings  frequently,  attention  must  be  called  to  any 
variation  of  the  figure  from  the  measured  distance  on  the  drawing. 
Nothing  makes  a  workman,  or  any  one  else  who  reads  a  shop 
drawing,  lose  confidence  iu  it  more  quickly  than  to  discover  that 
it  dues  not  "scale";  but  when  no  indication  exists  that  the  drafts- 
man himself  is  aware  of  it,  then  every  dimension  is  viewed  with 
doubt  and  hesitation,  and  the  di-awing  becomes  practically  worth- 
less. 

Dimensions  seldom  should  be  out  of  scale  ;  l)iit  if  they  are, 
through  error  or  necessary  cliange^  a  carefully  worded  note  should 
be  added. 

MoIJitiff  and  Machining.  No  special  features  of  molding  or 
machining  are  noteworthy  on   Plate  K. 

Plate  L.  Yoke,  Stuffing-boxes,  Bracket,  etc.  Having  worked 
up  the  layouts  of  Plates  C  and  D,  the  student  has  enough  informa- 
tion to  proceed  with  Plate  L.  This,  like  Plate  G,  is  without 
dimensions,  the  student's  work  being  to  make  the  drawing  and  fill 
in  the  necessary  shop  data. 

The  valve-lever  bracket  is  bolted  down  to  its  lug  on  the  yoke 
through  holes  larger  than  the  bolt,  thus  permitting  slight  adjust- 
ment. When  the  proper  location  is  determined,  the  bracket  is 
positively  fixed  in  position  by  two  dowels,  i  inch  in  diameter. 
The  holes  in  botli  bracket  and  yoke  are  drilled  through  both  pieces 
at  the  same  operation.  This  very  common  method  of  fixing  bolted 
parts  of  machinery  in  absolute  position  not  only  assures  firmness, 
but  also  in  case  of  removal,  permits  the  part  to  be  readily  and 
positively  replaced  in  its  exact  O'-'glnal  position. 

If  possible,  the  steam  cylinder  cricket  should  be  of  such 
height  iliat  the  stone  or  brick  work  uf  on  which  it  rests  shall  be  at 
the  same  level  as  that  beneath  the  water  cylinder.     The  tapped 
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holes  in  the  top  surface  receive  bolts  from  the  cylinder  foot. 
Tiic^e  bolts  are  often  used  only  for  shipping  purposes,  the  cylinder 
foot  wlien  the  pump  is  set  up  being  allowed  to  slide  freely  ou  the 
cricket,  thus  permitting  free  expansion  and  contraction.  In  such 
cases  the  water  end  is  rigidly  fastened  to  the  foundation  bj"^  hold- 
ing down  bolts. 

MoliUn<i  and  Machiniwj.  The  valve  lever-bracket  would 
most  naturally  be  molded  with  the  axes  of  the  shafts  vertical,  the 
parting  line  of  the  mold  being  the  center  line  of  the  middle  web. 
This  makes  quite  a  long  "  draw "  for  the  shaft  Iwsses,  but  thv 
ample  taper  on  the  outside  overcomes  this  ditViculty.  Tiie  space 
between  the  side  webs  leaves  its  own  core.  The  sliaft  cores  stand 
on  end  in  the  mold,  which  is  the  best  position  for  strengtli  and 
stability. 

Another  method  is  to  have  the  parting  line  of  the  mold  on 
^he  vertical  center  line  of  the  bracket,  as  shown  in  the  end  view. 
In  this  case  the  bracket  would  be  cast  on  its  side,  and  cores  must 
be  S'jt  for  each  side  of  the  middle  web.  The  shaft  cores  are  set 
as  easily  as  before,  but  in  this  case  lie  flat.  As  with  the  steam 
chest,  each  method  has  its  advantages,  which  depend  largely 
u[)on  existing  conditions.  As  cored  work  is  generally  avoided 
whenever  possible,  the  first  method  would  probably  be  chosen. 

The  sliaft  bosses  are  "  chamber-cored,"  to  save  labor  in  bor- 
ing, the, bearing  surface  for  the  shaft  being  only  a  short  distance 
at  the  ends.  The  chamber-core  diameter  should  be  enough  larger 
than  the  shaft  so  that  by  no  possibility  can  the  cutter  run  into  the 
rough  scale,  even  if  the  hole  be  bored  slightly  out  of  line.  If  it 
should  do  this,  the  labor  of  caring  for  the  cutters  more  than  offsets 
the  attempted  saving  of  labor. 

The  yoke  is  simply  a  barrel  open  at  each  end,  and  with  a 
piece  cut  out  of  its  side.  The  inside  evidently  must  be  cored  out, 
and  the  core  is  satisfactorily  supported  at  the  ends  on  its  horizontal 
axis.  The  parting  line  of  the  mold  may  be  either  the  vertical  or 
horizontal  axis  of  the  end  view,  the  only  difference  being  that  in 
one  case  the  ledge  for  the  valve  bracket  will  "  draw,"  and  in  the 
other  case  it  must  be  loose  on  the  pattern  and  "pulled  in"  after 
the  main  pattern  is  drawn. 

The  cricket  and  stulling  boxes  present  no  difiiculties.     Tbe 
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bore  of  the  stuffiiisr  boxes  and  glands  should  be  from  ^\,-  incli  fco  Jg 
inch  larger  than  the  rod,  to  allow  the  lit  to  be  entirely  between  the 
rod  and  the  packing. 

Tiie  horizontal  boring  machine  with  a  double  facing  head  is 
adapted  to  boring  and  facing  the  yoke  flanges.  The  drilling  is 
accomplished  as  before  by  templet  or  jig. 

Attention  is  called  to  the  tapped  holes  for  oil  or  grease  cups 
on  the  valve-lever  bracket.  The  holes  on  the  lower  boss  cannot 
be  drilled  strictly  as  shown,  because  the  drill  shank  will  not  clear 
the  upper  boss.  They  should  be  swung  around  the  boss  at  such 
an  angle  as  will  allow  the  drill  to  clear.  This  is  a  good  instance 
of  the  common  error  of  drawing  details  which  cannot  be  made,  and 
constant  watch  must  be  kept  to  avoid  such  mistakes. 

Plate  B.  Water  End  Layout.  >Vs  in  the  preceding  work, 
Pl.vtes  H  and  I  being  given  in  full  detail  offer  a  good  start  for 
the  development  of  the  water  cylinder,  which  is  the  purpose  of 
Plate  B.  As  before,  work  should  begin  at  the  inside  and  progress 
outwards.  Thus  the  piston  rod  with  its  nut  should  be  drawn  first, 
the  hub  of  the  plunger  built  around  it,  then  the  plunger  barrel, 
the  bushing,  and  ring  to  clamp  the  bushing.  The  limits  of  the 
plunger  travel  should  be  sketched  in,  ard  the  valve  outline  shown 
in  order  to  determine  clearances.  The  progress  of  Plate  B  is  on 
exactly  the  same  basis  as  that  stated  in  detail  for  the  steam  cylin- 
der layout ;  hence  it  need  not  be  repeated. 

The  points  controlling  the  design  of  the  water  end  must, 
however,  be  studied  to  enable  the  student  to  work  intelligently. 
The  fit  of  the  rod  into  the  plunger  hub  is  loose,  Jg-inch  play 
being  allowed,  in  order  to  permit  the  plunger  to  be  guided  solely 
by  its  bushing,  and  thus  be  indepe^.dent  of  any  change  of  align- 
ment of  the  piston  rod. 

The  relative  length  of  plunger  and  bushing  should  allow  the 
end  of  the  plunger  to  overrun  the  edge  of  the  bushing  at  the  ter- 
mination of  the  stroke,  to  prevent  the  formation  of  a  shoulder. 
Tiie  bushing  is  made  of  brass  because  of  the  better  bearing  of 
the  two  dissimilar  metals,  brass  and  iron.  Of  course  there  is  no 
lubrication  except  the  water,  and  the  dissimilar  metals  tend  to 
"cut"  less  than  if  both  were  alike.  The  brass  bushing  also  pre- 
vents the  plunger  from  "rusting  in  "  in  case  of  long  perioila  of 
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ilisuse.  The  liushing  being  of  expensive  material  is  made  as  light 
as  possible,  hence  it  has  no  stiifness  of  its  own.  Therefore  it  is 
reinforced  by  a  deep  cast-irou  ring,  which  also  takes  the  bolts  and 
chimps  the  bushing  tightly  to  its  ground  seat.  These  stud  bolts 
are  usually  niiule  of  "  tobin  bronze,"  a  rust-proof  material,  possess- 
ing strength  almost  as  great  as  that  of  steel.  Tiiis  arrangement 
[iL-rniits  ready  removal  of  the  bushing  when  necess:iry. 

As  the  jiarts  of  the  common  pump  valve  illuUrated  in  detail 
on  Plate  H  must  be  often  replaced  during  service  of  tlie  pump, 
provision  must  be  made  for  unscrewing  the  st,e:u  and  substituting 
a  new  one.  This  must  be  done  through  the  hand  holes  provided 
oa  the  cylinder.  The  lower  valve  deck  must  be  located  so  that  the 
ituer  valves  when  unscrewed  will  not  strike  tha  clamp  ring.  As 
shown  in  Plate  B  the  clearance  is  pretty  small,  almost  too  small, 
but  as  it  affects  only  two  valves,  it  will  probably  cause  no  incon- 
venience. No  hand  holes  are  necessary  for  the  end  chambers,  as 
access  to  the  valves  is  had  by  removing  the  outer  heads.  The 
upper  deck  may  be  placed  at  a  height  giving  sufficient  clearance 
to  allow  the  upper  nuts  of  the  clamp  ring  to  be  unscrewed  with  a 
socket  wrench  from  the  end  of  the  pump.  These  decks  are  sub- 
jected to  a  severe  pounding  from  the  pulsations  of  the  pumji,  and 
should  be  amply  strong;  1|  inches  is  deemed  thick  enough  for 
this  case. 

The  middle  transverse  wall  may  be  11  inches  thick  and  the 
middle  longitudinal  wall  a  little  thinner,  about  1^  inches.  With 
high  pressures  these  walls,  being  flat  surfaces  and  the  valve 
decks  likewise,  are  likely  to  fracture  under  the  heavy  pounding. 
To  avoid  making  them  excessively  heavy  they  are  often  strongly 
ribbed,  either  on  the  inside  or  outside,  usually  the  former. 

The  curving  side  walls  are  of  better  form  to  withstand  pres- 
sure, and  need  not  be  as  thick,  1  inch  being  sufficient.  This  can 
be  decreased  to  |  inch  in  the  suction  passage  below  the  deck, 
where  little  pressure  exists. 

The  outer  head  is  also  considered  strong  enough  at  1  inch 
thickness,  on  account  of  its  curved  shape.  It  requires  |-incli  studs. 
Studs  are  preferred  to  tap  bolts  in  this  case,  as  in  all  other  similar 
cases,  on  account  of  the  frequent  unscrewing  of  the  nut^  for  pur- 
po.se  of  removal.     One  or  two  unscre wings  of  a  tap  bolt  in  c;\st 
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iron  will  destroy  the  tightness  of  the  thread,  while  the  stud,  being 
Eteel,  stands  the  wear  better. 

The  valve  seats  are  taper  screwed  into  the  deck ;  they  are 
sometimes  forced  in  on  a  plain  taper  fit.  They  are  located  as 
closely  as  strength  of  the  deck  between  tlie  holes  will  permit.  It 
is  not  well  to  place  the  edge  of  the  valve  closer  than  |-  inch  from 
tlie  cylinder  walls.  The  valve  holes  in  the  lower  deck  should  be 
in  line,  or  nearly  so,  with  the  holes  in  the  upper  deck,  in  order  to 
allow  the  shank  of  the  mill  to  pass  through  when  milling  the  lower 
holes. 

The  suction  opening  is  7  inches  in  diameter,  12i-inch  flange, 
lO.i-ineh  bolt  circle,  J-incli  tapped  holes. 

By  means  of  the  hand  hole  at  the  end  of  the  suction  passage, 
any  dirt  which  ma>'  have  been  brought  in  through  the  suction 
pipe  may  be  removed. 

The  water  cylinder  cap,  discharge  ell  and  air  chamber  may 
be  laid  out  from  the  detail  Plate  I,  and  the  student  nuist  do  this 
to  see  that  the  parts  actually  go  together  properly. 

With  the  foregoing  discussion  the  student  should  be  able  to 
produce  Plate  B,  which  is  the  preliminary  step  to  the  detail  draw- 
ing of  the  water  cylinder  as  shown  on  Plate  J. 

Plate  J.  Water  Cylinder.  The  water  cylinder  is,  perhaps, 
the  most  complicated  detail  that  -he  student  will  meet  in  this  set 
of  plates.  Fundamentally,  it  is  simply  a  box  with  curved  sides, 
divided  by  the  several  walls  into  five  compartments,  each  of  which 
communicates  with  the  outside  by  a  round  nozzle  or  flange.  If 
this  basic  idea  be  kept  constantly  in  muid,  the  student  will  have 
no  trouble  in  building  up  the  detailed  design. 

Tins  fundamental  conception  of  a  complicated  piece  is  a  very 
important  idea,  and  should  be  developed  carefully  by  the  student. 
It  is  one  of  the  great  secrets  of  good  design,  both  from  an  artistic 
and  a  commercial  standpoint.  We  often  see  a  machine  which 
seems  to  begin  anywhere  and  end  nowhere ;  it  appears  to  be  a 
mLscellaneous  collection  of  bosses,  lugs,  ribs  and  flanges.  There 
is  no  general  prevailing  shape  to  the  structure,  no  harmony  of  the 
lines.  This  is  because  the  designer,  if  he  may  be  so  called,  did 
not  have  the  fundamental  notion  of  shape,  to  which  all  minor 
details    should    have    been  subordinated.     He    simply    grouped 
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parts  together,  without  considering  the  fundamental  structure. 
Ill  tiiis  water  cylinder  tiie  hox  is  the  basic  part  of  the  struc- 
ture, and  its  lines  nnist  he  first  developed  ;  they  should  he  designed 
to  convey  a  smooth,  regular  and  consistent  snrfaee  to  the  eye. 
Tlien  the  nozzles  and  flanges  may  he  added  as  sul)()rdinate  parts; 
they  will  merely  interrupt,  hut  not  destroy,  the  prevailing  outline 
of  the  hox.  Tlie  dotted  lines  in  tlie  cross-section  views  of  IMateJ 
sliow  the  general  sliape  heliiiid  and  beneath  the  nozzles. 

The  liand  holes  are  the  same  as  on  Plate  I,  and  tlie  detail  of 
the  cover  should  specify  the  number  required  for  both  places. 

Provision  for  draining  the  four  chambers  of  the  water  cylin- 1 
der  is  made  by  the  |-iiieh  pipe  tap  holes  at  the  lower  deck,  and 
the  cap,  likewise,  by  the  single  hole  at  the  vipper  deck.     Drip 
cocks  are  screwed  into  these  holes. 

The  holding-down  bolts  should  not  be  less  than  1  imli  diam- 
eter; 14  inch  would  perhaps  be  better;  and  tlie  holes  in  the  foot 
should  be  drilled  at  least  1  inch  large. 

Dimemiom.  It  will  l)e  noticed  that  this  plate  has  dimension 
lines,  but  no  figures.  This  is  because  the  cylinder  is  rather  diffi-^ 
culfto  figure,  and  it  is  desired  to  guide  the  student  in  arrangemeiit 
of  the  figures  without  lessening  the  benedt  of  his  study  of  them. 
Special  attention  should  be  paid  to  this  feature  of  the  plate. 
Notice  that  although  space  for  dimensions  is  restricted,  a  clear 
opening  is  always  found  for  the  figures;  and  when  one  view  seems i 
to  offer  no  space  for  a  figure,  anotlicr  view  gives  the  desired 
opportunity. 

No  finish  marks  or  titles  are  .shown  on  this  plate,  these  Injing 
left  entirely  to  the  student  for  insertion. 

Mohling.  The  centers  of  the  curves  for  tlie  sides  being  oa, 
the  main  horizontal  axis  of  the  nozzles,  the  cylinder,  if  molded  to- 
be  cast  vertically  as  shown,  will  draw  readily  both  ways  from  this 
line.  The  exceptions  to  this  easy  draw  are  the  foot,  suction  noz- 
zle and  flange,  and  hand-hole  boss.  On  account  of  the  inside  of 
the  cylinder  being  cored,  these  pieces  if  made  loose  on  the  pattern 
have  ample  space  to  be  "pulled  in"  after  the  main  patteni  ia 
withdrawn. 

The  suction  passage  below  the  deck  communicates  with  the 
main  core  through  the  valve  holes,  lieiu-e  It-  may  be  supported 
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from  the  main  c(ire.  This  involves  some  dirticulty,  however.  If 
a  tliree-pai't  flask  be  vised,  and  another  parting  estahlished  at  the 
center  of  the  suction  flange,  in  addition  to  the  previous  one,  ihe 
problem  becomes  much  simplified. 

It  is  desii-able  to  make  the  four  chambers  of  tlie  cylinder  alilce 
in  general  proportions.  It  is  then  possible  to  mal'e  a  single  core- 
box,  and  by  the  use  of  loose  pieces  change  the  lengtli  of  the  noz- 
zle cores  and  transpose  from  right  to  left,  tiius  saving  labor  ou 
the  pattern.  This,  however,  multiplies  the  loose  pieces  on  tiie 
pattern.  The  many  pieces  are  likely  to  become  lf)st  and  make 
frequent  repair  necessar3\  Hence  it  is  not  always  wise  to  use  a 
single  core  bo.K  too  much,  and  good  judgment  is  reijuired  to  fix 
the  limit. 

Machining.  Special  double  horizontal  boring  machines  are 
now  ^n  common  use  for  such  cases  as  tliis  water  cylinder.  The 
centers  are  made  adjustable,  so  that  ^vithin  limits  any  distance 
between  piston-rod  centers  can  be  met.  The  advantages  of  double 
boring  are,  of  course,  most  obvious  for  a  considerable  number  of 
duplicate  cylindere. 

It  will  be  noticed  that  the  face  of  the  suction  flange  is  carried 
out  flush  with  the  cylinder  head  face.  This  affords  opportunity 
for  finishing  all  the  end  surfaces  at  a  single  setting  of  the  tool, 
whether  the  work  be  done  on  tlie  rotary  or  reciprocating  planer. 
This  same  point  might  have  been  observed  on  the  small  hand-hole 
boss  at  the  other  end  of  the  cylmder,  but  the  advantage  gained 
did  not  seem  to  warrant  extending  the  "  reach  "  through  the  hand 
hole. 

Plate  I.  Water  Cylinder,  Cap  and  Ait  Chamber.  For  a 
water  cylinder  cap  of  this  size,  the  most  dilRcult  problem  is  to  find 
room  for  the  hand-hole  bosses.  A  hand  hole  -i  inches  X  6  inches 
is  about  as  small  as  can  be  used,  and  this  calls  for  a  flange  at  least 
7  inches  X  9  inches.  These  are  the  jiroportions  sho\vn  on  the 
plate,  and  since  the  boss  overhangs  the  bolts  in  the  main-cap 
.  tange,  it  must  be  cut  away  underneath  to  clear  the  nuts.  If  three 
stud  bolts  are  used  on  each  side,  thiis  overhang  also  requires  that 
the  nut  be  "  fed  on"  ;  that  is,  screwed  on  little  by  little  as  the  end 
of  the  stud  protrudes  above  the  flange  when  the  cap  is  being  low- 
ered into  place.  This  is  an  awkward  process,  but  is  sometimes 
necessary. 
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TIk'  tlisoliargeell  should  have  an  easy  beml;  usually  tlu'i-ailius 
is  soini'wliat  ui'ore  than  the  outside  diameter  of  the  ]iil)e,  in  this 
ease  50  jier  eeiit  greater.  It  is  customary  on  this  pieee  to  jtrovide 
an  openino-  for  tiie  attaehuient  of  a  relief  valve  as  shown,  IJr- 
inch  ])ipe  taj).  This  valve  can  be  set  to  open  at  a  desiivd  pres- 
sure, so  that  the  water  end  may  be  relieved  in  case  of  accidental 
excessive  pressure. 

The  air  chamber  provides  an  air  cushion  for  the  water  to 
make  the  delivery  more  constant,  and  take  the  shock  which  would 
otherwise  come  with  hammer-like  force  and  full  intensity  upon 
the  cylinder.  Being  placed  at  the  highest  point  of  the  water  end, 
air  will  naturall3'-tend  to  collect  in  the  air  chamber  and  keep  it 
charged.  In  some  cases,  howevoi',  a  special  charging  device  is 
necessar}-. 

Molding  and  Madiininy.  The  hand  holes  being  at  an  angle 
yn[\  not  '•  draw."  Hence  cores  must  be  set  for  these  openings  at 
lea.st,  and  it  may  be  desirable  to  core  out  the  whole  inside  of  the 
cap  for  the  sake  of  keeping  the  pattern  in  good  shape  by  making 
it  solid.     Otherwise  it  is  easy  to  let  it  leave  its  own  core. 

The  overhang  of  the  hand-hole  bosses  requires  loose  pieces 
for  the  overhanging  part.  They  are  "pulled  "  in  after  the  pattern 
is  diuwn. 

The  molding  and  macliining  which  are  further  required  on 
details  of  Plate  I  are  simple,  and  require  no  special  discussion. 

Plate  li.  Plunger  and  Valve  Details.  This  plate  is  notictv 
able  for  illustrathig  a  method  of  drawing  details  not  used  else- 
wlierc  in  this  set  of  plates.  On  the  otiier  plates  each  piece  is 
separately  detailed.  On  Plate  H  the  details  of  the  valve,  cover, 
seat,  stem  and  spring  are  s1io\ati  assembled,  asid  dimensioned  with- 
out .separation.  This  is  an  allowable  method  when  clearness  is 
not  sacriliced,  but  it  is  usually  found  desirable  only  with  simple 
construction.  It  concentrates  parts  on  the  drawing,  and  probably 
saves  some  time,  besides  showing  the  workman  just  how  the  parts 
go  together.  Tlie  only  test  which  tlie  student  need  to  apply  in 
this,  as  in  any  method  of  detailing,  is  the  test  for  absolute  clear- 
ness. 

It  is  believed  in  the  case  of  the  valve  as  shown  that  the 
details  are  conqiletely  illustrated  without  sacrificing  clearness. 
Special  care  in  putting  in  dimensions  is  of  necessity  required. 


MECHANICAL     DRAWING.  65 

The  valve  stem  can  be  unscrewed  either  with  a  socket 
wrencli  on  the  iiisitle  or  an  ordinary  fork  wrench  on  the  outside. 

The  seat,  after  being  screwed  to  position  in  the  deck,  is 
often  faced  off,  to  true  up  any  distortion  caused  by  screwing  in. 

The  valve  itself,  of  rubber,  can  be  bought  of  any  desired  grade 
of  hardness.  The  specification  for  any  given  set  of  valves  de- 
pend upon  the  quality  of  tlie  water,  the  pressure  and  the  general 
service  of  tlie  pump. 

•  Molding  and  MacJiining.  By  reason  of  the  simple  nature  of 
the  parts  on  this  plate,  the  molding  and  machining  is  left  entirely 
to  the  original  consideration  of  the  student. 

Plate  M.  Foundation.  Pumps  are  often  set  directl}'  upon 
a  foundation  of  brick,  but  it  makes  a  better  job  to  bed  stones,  with 
surfaces  dxessed  plane  and  true,  into  the  main  foundation,  and 
rest  the  pump  feet  upon  these  stones.  The  simplest  form  of 
holding  down  bolts  are  shown  on  Plate  M,  a  plain  hook  at  the 
lower  end,  pulling  up  against  a  flat  cast-iron  plate,  to  distribute 
the  pressure  into  the  brickwork.  These  plates  are  of  course 
bedded,  and  the  bolts  set  as  the  foundation  is  built  up.  As 
the  subsequent  courses  are  laid  some  little  space  is  left  aroiuid 
the  bolts,  which  may  be  afterwards  filled  with  cement,  thus 
making  the  bolts  rigid  with  the  foundation. 

The  Avater  end  of  the  foundation  has  no  batter,  because  the 
suction  pipe  often  drops  vertically  down  from  the  end  of  the 
pump,  and  clearance  is  therefore  necessary. 

The  floor  line  is  placed  4  inches  above  the  Imckwork,  to 
allow  for  the  usual  1-Liich  top  floor  and  2-inch  plank  beneath,  and 
still  have  a  space  left  for  shims  to  level  the  floor. 

Plate  N.  General  Drawing.  This  is  an  example  of  a  plaui, 
everyday  shop  drawing,  to  show  the  relation  of  parts  and  the 
extreme  space  occupied  by  the  pump.  A  great  deal  of  time  can 
be  needlessly  wasted  in  producing  a  drawing  of  this  character,  by 
trying  to  make  too  faithful  a  picture.  For  example :  If  all  the 
bolt  heads  were  put  in,  it  is  safe  to  say  that  several  hours'  extra 
time  would  be  required  for  this  one  item  alone.  But  the  draw- 
ing would  be  no  better  for  shop  use.  Hence  all  bolt  heads  and 
nuts  have  been  left  out,  except  wlien  necesisary  to  show  clearance. 
Shade  lines  have  been  put  on  for  no  special  retison  except 
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tliat  if  they  are  desirable  on  any  drawing  tliey  are  especially 
desirable  on  a  general  drawing,  where  one  part  overlaps  another, 
as  they  make  it  easier  to  pick  out  and  separate  one  surface  from 
another.  Some  lines  are  shaded  in  this  drawing  wliich  are  not 
strictly  sharp  edges.  It  is  held,  however,  that  the  roundmg  of  a 
corner  ought  not  to  destroy  its  character  as  au  edge  casting 
a  shadow,  and  such  lines  are  treated  accordingly. 

An  assembled  or  general  drawing  of  this  character  should  be 
laid  out  strictly  from  the  dimensions  shown  by  the  details.  It 
thus  serves  a  valuable  purpose  in  checking  up  figures,  and  show- 
mg  whether  or  not  the  parts  will  go  together.  The  method  or 
character  of  the  work  in  no  respect  differs  from  that  suggested 
for  the  detail  drawings. 

If  a  scale  of  3  inches  =  1  foot  bo  used,  the  size  of  sheet  musf 
be  24  inches  X  36  inches.  The  student,  however,  will  perhaps  find 
it  easier  to  use  a  scale  of  1  J-  inches  =  1  foot,  in  which  case  the 
ordinary  size,  18  inches  X  24  inches,  will  suffice.  For  such  a 
small  scale  it  will  be  found  undeoirable  to  attempt  to  put  in  any 
veiy  small  fillets  and  corners,  although  those  that  can  be  readily 
handled  by  the  ordinary  bow  pen  ought  not  to  be  omitted.  As  a 
matter  of  fact,  the  expert  draftsman  either  leaves  the  corners 
sharp,  as  suggested,  or  puts  in  the  smallest  curves  freehand. 

Order  Sheets.  Any  set  of  drawings  is  incomplete  unless  in 
connection  with  it  a  statement  is  made  in  tabular  form  of  the 
complete  make-up  of  the  machine.  An  infinite  variety  of  ways 
exists  for  making  the  specifications.  Sometimes  the  tabulated 
data  are  placed  on  the  general  drawing.  Most  often,  however, 
printed  blanks  are  provided,  usually  of  bond  paper,  arranged  witli 
special  reference  to  the  individual  shop  system  and  methods  of 
handling  work ;  these  blanks  are  filled  in  by  the  draftsman, 
indexed  and  filed  as  a  part  of  the  set  of  drawings.  They  can  be 
blue  printed  for  use  in  the  shops  the  same  as  a  drawing.  Fiom 
these  sheets  stock  is  ordered,  checked  off,  and  watched  in  its 
process  of  manufacture. 

Order  i-heets  are  indispensable  in  any  well-ordered  shop. 
Hence  they  are  illustrated  on  pages  59,  60,  61  and  62  as  the  final 
step  in  the  set  of  pump  drawings.  They  are  made  as  simple  as 
possible,  and  are  not  intended  to  fit  any  special  shop  system.     As 
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])ivviously  stated,  the  exact  form  ami   iiiellio<l  of  classilication  can 
lie  determined  only  when  the  shuj)  eoiiditions  are  known. 

The  student,  having  carefully  followed  through  the  jtrceed- 
ing  pages,  must  not  think  that  he  is  master  of  pump  constiuction, 
for  even-  the  type  illustrated  has  been  but  touched  upon.  The 
object  of  tlie  detailed  discussion  is  to  get  the  student  in  close 
touch  with  the  spirit  of  construction,  to  make  his  drawings  real 
serious  work.  It  is  hoped  that  the  student  will  work  just  as 
though  a  machine  were  to  be  built  from  his  drawings,  and  built  to 
sell  at  a  profit,  ^^nly  in  tliis  way  can  advanced  work  in  mechani- 
cal drawing  be  of  benefit  to  him,  for  after  becoming  expert  in 
the  use  of  the  instruments,  no  other  advance  is  possible  except 
ailvanre  in  fhotujht. 
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DATr.                   American  School 

MAY  20.  1  9C  1 

Of  Correspondence 

TYPE. 
INSIDE  PLUNGER. 

Chicago,  III. 
LIST  OF  CASTINGS 

FOR 

16-81-12   DUPLEX   PUMP. 

■a 
a 
P 
?. 

Name. 

'A 

u 

s 

II 

1 

1 
1 

Ileuiarks. 

2 

Steam  Cylinder 

G 

C.  I. 

R.  *  L. 

■I 

Steam  Cyliiitlur  Head 

G 

C.  L 

2 

Steam  Chest 

F 

C.  L 

2 

Steam  Chest  Cover 

F 

C   I. 

2 

Slide  Valve 

F 

C.  I. 

1 

StL-ain  ripe 

F 

F 

C.  I. 

1 

Exhaust  Tee 

C.  1. 

2 

Valve  Steam  Gland 

F 

C.  L 

2 

Piston 

E 

C.  L 

H 

Piston  Pipe  PIuk.  l/-;" 

E 

C.  I. 

4 
2 

Piston  Packing  Rinj: 

E 

C.  I. 

Spool 

E 

C.  I. 

1 

Steam  Cylinder  Cricket              i     L     ( 

C.  I. 

2 

Steam  Cylinder  Stuffing  Box         L 

C.  I. 

2 

Water  Cylinder  Stuffing  Box    i     L 

C.  I. 

4 

Piston  Rod  Gland                             L 

O.L 

1 

Valve  Lever  Bracket 

L 

C.  L 

2 

Yoke 

L 

C  I. 

R.  &  L 

1 

Short  Rocker  Arm 

K 

C.I. 

1 

Long  Kocker  Arm 

K 

C..  1. 

2 

Valve  Stem  Link 

K    1 

C.I. 

1 

Water  Cylinder 

.1     1            1     C.  I. 

2 
3 

Water  Cylinder  Head 

.J     t 

C.  I. 

Hand  Hole  Cover 

,J 

C.I. 

1 

Water  Cylinder  Cap 

C.  L 

1 

1 

2 

Air  Chamber 

C.  I. 

Discbartte  Ell 

C.I. 

Plunge.' 

H 

1     C.  L 

2 

Plunger  Bushing 

H 

1     Bi-ass 

2 

Camp  King 

H 

\    C.  I. 

32 

Valve  Stem 

H    1            i     Bras.s 

32 

Valve  Cover 

H    1 

Brass 

32 

Valve  Seat                                        H    1 

Brass 

6 

Foundation  Plate                              M    I 

C.  I. 
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MAY 

DATE.                        AMERICAN      SCHOOL    OF    C 
20,  1907. 

Chicago,  1l 
LIST  OF   STEEL  AND   MISCE 

ORRESPONOENCE 

TYPE. 
INSIDE  PLUNGER. 

L. 

ILLANEOUS   PAR 

TS 

16- 

FOB 

8i-12  DUPLEX   PUMP. 

■3 

Namc. 

1 
u 

s 

1 

II 

1 

Remark.s. 

2 

Valve  steam  Head 

E 

St. 

Drop  Forging. 

2 

Piston  Rod 

E 

C.R.S. 

2 

Valve  Stem 

E 

St. 

1 

1 

Long  P.  R.  I,ever 

K 

St. 

Forging 

Short  P.  R.  Lever 

K 

St. 

Forging 

1 

Upper  Rocker  Shaft 

K 

St. 

1 

Lower  Rocker  Shivft 

K 

St. 

2 

Rocker  Arm  Pin 

K 

St. 

2 

Link  Pin 

K 

St. 

1 

Long  P.  R.  Lever  Key 

K 

St. 

Drop  Forging 

1 

Short  P.  R.  Lever  Key 

K 

St. 

Drop  Forging 

2 

Rocker  Arm  Key 

K 

St. 

Drop  Forging 

32 

Valve  Spring 

H 

Brass  wire 

Spring  Temper 

32 

Valve 

H 

Rubber 

Medium 

!        ' 



1 
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DATE.                 American  School  of  Co 

MAY  20,  1907 

RRESPONOENCE                     TYPE. 

INSIDE  PLUNGER. 

Chicago,  III. 
LIST    OF  BOLTS,   NUTS  AND   PINS 

FOS 

16-8.^12   DUPLEX   PUMP. 

■3 

Name. 

1 

d 

s 

nomarks. 

Cylinder  Head                    Stud  I  x  3} 

c 

St. 

Steam  Chest                         Stud  »  x  8J 

«    1 

St. 

4 

Valve  Stem  Glaud             Stud  |  x  4J 

F 

St. 

8 

I'iston  Rod  Glaud               Stud  f  x  4 

L 

St. 

St. 

24 

Water  Cylinder  Head        Stud  |  x  3i 

J 

12 

Clamp  King                          Stud  |  x  4^ 

J 

Tobln  bz. 

24 

Water  Cylinder  Cap           Stud  1  x 3^ 

J 

St. 

18 

Hand  Hole  Cover                Stud  |  x  2^ 

J 

St. 

12 

Hand  Hole  Cover                Stud  |  x  -'V 

1 

St. 

8 

Exhaust  Tee                 Tap  Bolt  I  x  IJ 
Yoke                               Tap  Bolt  J  x  2 

G 

St. 

IH 

G 

St. 

8 

Steam  Cyl.  Stf.  Box     Tap  Bolt  f  x  1-; 

(i 

St. 

8 

Steam  Pipe                    Tap  Bolt  1x1^ 

F 

St. 

4 

Valve  Lever  Bracket  Tap  Bolt  %  x  IJ 

F 

St. 

4 

Steam  Cyl.  Cricket      Tap  Bolt  1  x  2i 

F 

St. 

16 

Yoke                               Tap  Bolt  »  x  2 

J 

St. 

8 

Water  Cyl.  Stf.  Box      Tap  Bolt  J  x  1| 

J 

St. 

8 

Discharge  Ell                Tap  Bolt  f  x  2 

I 

St. 

4 

Air  Cliamber                 Tap  Bolt  3x2 

I 

St. 

2 

Hook  Bolt  (special)          1  x  .3'  — 11" 

M 

St. 

4 

Hook  Bolt  (special)          ljx3'  — 11" 

M 

St. 

1 

Eye  Bolt                               Standard  1" 

I 

St. 

34 

Standard  Nut                                       g 

St. 

44 
36 

Standard  Nut                                          3 

St. 

Standard  Nut                                       J 

1    St. 

26 

Standard  Nut                                     1 

1    St. 

4 

Standard  Nut                                        l\ 

St. 

4 

Standard  Nut                                       2 

St. 

8 

Special  Valve  Stem  Nut                     1 

St. 

J  Thick 

4 

Piston  Rod  Split  Pin                       5x2  |     E 

St. 

2 

Spool  Taper  Pin    No.  10  Morse  Taper       E 

St. 

4"  long 

4 

Valve  Bracket  Do\v.-l  Pin             ix2|     L 

St. 
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Li 

TE.                   American  School  of  Correspondencf                type. 

.  0,    l9l'                                                                                                                          INSIDE   PLUNGER. 

Chicago,  III 
LIST  OF   SPECIAL   FITTINGS,   WRENCHES,   Etc. 

16-8i-12  DUPLEX   PUMP. 

1 

c 
js 
e" 

N.imo. 

1 

a 

1 

3 

.  S 

gZi 

si 

Material. 

Uomarki. 

4 

Drip  Cock                             ',' 

G 

1     1    Drip  Cock                            \' 

F 

2    1    Drip  Cock                             \' 

L 

4    1    Oil  Cup                                 }" 

L 

1                                   1 

5 

Drip  Cock                             i' 

J 

1 

Belief  Valve                         1}" 

I 

17.jlbs.xjresBur« 

. 

1 
1~ 

Standard  Fork  Wrench        !" 

Standard  Fork  Wrench       5" 



1 

Standard  I'^ork  Wrench       J' 

1 

Standard  Forlc  Wrench       1" 

'                                   1 

1 

Socket  V/rench                      3" 

VJ."  haudlo 

1 

Valve  Stem  Fork  Wrench 

1 

Valve  Stem  Socket  Wranch 

iS4 


Bullock  Electric  Manufacturing 


Pin  on  this  last. 


7/e ;  J  Size 


9983-J 
/-3-/90S 
QCfiangea 
/>om  /£ ; 
lenqth  jt/er.^ 
a//,  a/ so 
Changed 
to  suit 

ooaa 


99B3'2 

©Changea 
rronn  A'5  7 
to  Nse 
ta^er  pin 
A.B.W. 


SS83-3 
4-1-1 90S 


Shaft /iND  Ass  embly 

or     DfiUMS 

Type:  F.  Controller. 


Material 

Tool  No 

Pat.  No 


NoJiega^ 


est.  Weight . 


Droftsman.  ^.Bi44._ 


EXAMPLE  OF  SHOP  DRAWING  REPRODUCED  FROM  A  BLUE  PRINT  BY  THE  COURTESY 
OF  THE  BULLOCK  ELECTRIC  MFG.  CO. 


DRAFTING  ROOM  ORGANIZATION 


It  is  always  of  interest  to  niaimfaeturing  engineers  when 
anything  additional  to  the  subject  of  systematic  commercial  draw- 
ing is  brought  to  their  attention.  The  development  of  a  univer- 
sal drawing    process  or    system    sufficiently  general    to   meet  ail 


S7 

1 — 1 

1 — 1 

S7 

S7 

S7 

V 

^ 

V 

'U' 

■^ 

KP 

Cabinet  Set  Forming  Portion  of  Part  Drawing  System. 
Comprises,  in  the  upper  part,  a  card  index :  and  in  the  lower  part,  a  bound 
N  blue-print  file  containing  records  and  drawings  of 

finished  material  or  parts. 

practical  needs  of  manufacturing  concerns,  will  likely  come  about 
at  some  future  time,  and  this  may  form  part  of  the  engineering 
curriculum  in  schools  and  colleges,  much  the  same  as  bookkeeping 
Las  V)een  taught  in  commercial  colleges  for  years. 

The  present  is  a  period  of  standard  manufacturing,  and  tiie 
tendency  toward  standardization  is  naturally  growing,  thereljy 
creating  a  demand  for  different  methods  from  those  employed 
where  the  articles  of  manufacture  were  unsettled  and  undergoing 
ceaseless  and  uncertain  changes.     It  is  of  course  true  that  improve- 
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iiients  in  standard  lines  of  manufacture  will  bo  continually  re- 
quired, but  these  chanrres  take  the  form  of  revisions,  to  a  fjreater  or 
less  extent,  of  desiifns  that  previously  liave  been  reduced  to  a  fairly 
definite  basis.  Tiio  drawing  office  is  where  thintfs  are  built  on 
paper,  and  it  is  subject  to  a  change  of  methods  wlien  approacliiiig 
standard  manufacturing  as  much  as  are  tlu^  factory  departnuMits 
doing  actual  construction  work. 

To  illustrate — the  following  list  brings  out  a  few  of  the  essen- 
tia! features  that  usually  appear  for  consideration  in  cotxincting  a 
drawing  office  for  developing  specialized  products: 

1.  The  desirability  of  one  uniform  size  of  di'awing  sheet  for 
all  drawings. 

2.  The  necessity  of  drawing  parts  independently  of  any 
meclianism  to  which  they  may  belong,  for  the  reason  that  any  part 
is  likely  to  be  found  available  for  use  in  tiie  manufacture  of  a 
number  of  different  mechanisms. 

3.  The  necessity  of  knowing  and  being  al)le  to  identify  all 
parts  by  symbols. 

4.  A  suitable  system  of  drawing  parts. 

5.  The  necessity  of  classifying  jiarts  into  groups  or  collec- 
tions and  grading  them  according  to  the  primary  operations  that 
are  re(juired  in  forming  them,  or  according  to  their  elementary 
nomenclature  or  design. 

G.  As  parts  and  constructional  views  cannot  be  shown  on 
the  same  drawing,  some  means  must  be  employed  by  draftsmen 
to  specify  and  identify  the  parts  that  are  involved  in  a  general 
drawing. 

7.  Once  typical  general  drawings  have  been  made,  how  is  it 
possible  to  avoid  the  delay  and  expense  that  are  inevitably  attached 
to  redrawing  practically  the  same  thing  for  the  many  modifications 
arising  from  tiine  to  time? 

Standard  manufacturing  may  be  looked  upon  as  differing 
from  special  or  miscellaneous  manufacturing  inasmuch  as,  under 
the  former,  parts  take  a  systematic  course  from  one  set  of  machines 
to  another  until  they  finally  become  finished  material. 

The  work  of  constructing  or  assembling  the  various  parts  to 
form  a  finished  product,  involves  an. entirely  separate  effice.  Gen- 
eral drawings  are  of  service  principally  where  assembling  is  done, 
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while  tlie  piirtTpmiluciiig  dopartineiits,  on  tbe  other  liaml.  ivtpiirc 
liiit  tliose  drawings  that  give  working  dimensions  of  parts.  It  is 
therefore  seen  that,  so  far  as  the  uses  of  drawings  are  concerned, 
there  is  no  occasion  for  showing  parts  associated  with  the  finished 
mechanism,  even  were  it  possible  to  do  so.  Moreover,  the  fact 
that  any  single  part  may  be  found  available  in  a  variety  of  places, 
suggests  the  principle  of  showing  parts  collectively  as  a  body  of 
things  having  individual  entity;  and,  if  they  are  to  be  thought  of 
as  associated  in  some  manner,  it  seems  preferable  to  regard  then 
as  some  group  or  collection.     Where  numerous  parts  are  involved. 


\ 


E^ 
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Section  of  Cabinet  Set  for  Finished  Products. 

Contains  material  record  Ust  cards  arranged  alphabetically  under  names 

of  mechanism,  general  view  drawing  numbers,  and 

telegraph  code  for  drawing  ofBce  reference. 

the  idea  of  drawing  each  of  them  separately  on  an  independent 
sheet — which  is  a  very  general  practice — incurs  the  disadvantage 
of  a  great  collection  of  small  sheets,  whereas,  by  the  use  of  a  no 
less  convenient  but  larger  sheet,  their  number  may  be  materially 
reduced  by  placing  five  to  seven  or  more  part  views  on  the  one 
drawing,  arranging  them,  of  course,  according  to  their  respective 
groups.  One  uniform  size  of  drawing  sheet  can  be  used,  which  is 
of  great  advantage  in  filing  and  binding  blue-prints  for  circulation. 
Symbols.  Symbols  for  parts  usually  take  the  form  of  num- 
bers, with  characters  or  letters  annexed  which  signify  the  associa- 
tion of  the  parts.     Each  and  every  part  is  numbered  in  numerical 
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sequence;  ami  in  tlie  present  instance,  letters  may  be  cinnexed 
whicli  signify  tlie  group  of  which  the  part  is  a  iiieiuber,  and  tiie 
gronps  established  according  to  tlie  basic  operations  by  which  tliey 
are  first  formed.     This  is  illustrated  by  the  following  list: 

Cast  Metal  Parts. — Group  Symbol,  A. 

All  parts  originally  formed  by  moulding  or  casting,  and  whifh  an-  not 
magnets. 

Sheet  Metal  Pahts,  Die  Formed,  etc. — Group  Si/mhol,  B. 

.Ml  parts  originally  formed  from  .shoot  metal  by  punrturing,  shearing, 
sjnnning,  stamping,  etc.,  and  which  are  not  magnets. 

^Iachine-Formed  Parts. — Group  Sijmhol,  C. 

.Ml  metal  parts  niachino-formed  in  lathes,  shapor?,  inilliiif;  inarhincs,  screw 


Trimmer  and  Punch-Press. 

One  advantage  In  eraploylnij  a  slnjjle  standard  sl/.e  of  sheet  lOr  part  drawings  Is 
that  the  blue-prinls  ean  he  maehjne-trlmined  »)>■  a  lightly  constructed  punch- 
press,  which  at  the  same  time  >vlll  pierce  the  holes  for  binding. 

machines,  threading  and  tapping  machines,  etc.,  such  parts  being  made  from 
raw  material  in  the  shape  of  rods,  bars,  tubes,  plates,  etc.,  and  which  are  not 
magnets. 

M.\GNETS. — Group  Symbol,  D. 

Cores  of  electro-magnets,  armatures,  pole-pieces,  and  shoes,  frames,  perma- 
nent magnets,  shells,  yokes,  etc. 

IxsuL.iTORS. — Group  Symbol,  E. 

Tubes,  strips,  bushings,  collars,  handles,  knobs,  etc.,  of  porcelain,  glass, 
rubber,  fiber,  wood,  paper;  fabrics  or  parts  made  of  other  material  for  insula- 
ting purposes. 

Coils. — Group  Symbol,  F. 

Electro-magnet  coils,  resistance  coils,  condenser  coils,  or  current-carrj'ing 
coils  of  any  nature ;  to  comprise  only  the  coil  governed  by  its  winding  measure- 
ments, size  of  wire,  number  of  turns,  resistance,  grade  of  insulation,  and  mate- 
rial wire  is  made  of. 

Forged  or  Wrought  Parts. — Group  Symbol,  G. 

.Ml  parts  such  as  hooks,  rivets,  rings,  wire  springs,  which  are  made  of  wire 
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nnd  which  arc  not  rcsisUinco  coils;  supports,  brackets,  fixtures,  Jind  all  such 
parts,  which  aTr  hand-fonm  d,  forged,  or  wrought,  and  which  arc  not  magnets. 

Wooden  I'akts. — Group  Si/inbol,  II . 

All  wooden  parts  such  iis  strips,  pins,  blocks,  bases,  moulding,  ornaments, 
knobs,  and  brackets,  which  are  not  used  for  insulating  purposes. 

CoMi'OUND  Parts. — Group  Sijmbol,  J. 

All  parts  consisting  of  more  than  one  member,  where  it  is  necessary  to  join 
them  to  produce  tli(>  part  as  completed  material  ready  for  assembling. 

Purchased  Articles. — Group  Si/nibol,  K. 

All  articles  such  as  locks,  door  or  drawer  knoUs,  fixtures,  receptacles,  and 
ornaments,  which  arc  coiii]iound  parts,  being  purchased,  nf)t  manufactured. 


Detail  of  Ulae- Print  Binder  Designed  lor  Part  Dr.iwing  System. 

Tlie  binding  cla.'ip  is  independent  of  the  covers,  which  are  hinged  and  can  he  opened  clear 

back,  allowing  free  access  to  the  prints.     Any  print  can  be  removed  or 

inserted  at  any  point,  and  the  binder  conveniently  rejoined 

by  use  of  a  combination  key  and  guide. 

The  above  classification  enables  an  intelligent  analysis  of  the 
parts  to  be  made,  placing  them  in  their  respective  group  order 
according  to  the  directions  or  codifications  given. 

The  drawings  for  each  set  exhibit  a  convenient  niiinbcr  of 
part  views,  and  the  title  of  each  sheet  indicates  the  name  and  group 
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of  the  parts  it  contains.  Tln'  sbeots  are  numbered  serially,  licgin- 
ningeacli  set  with  No.  ],  the  number  increasing  by  one  for  eacli 
successive  addition.  If,  for  illustration,  the  number  jwrtiou  of  a 
part  symbol  is  368,  then,  in  order  to  signify  its  groups  and  still 
more  its  drawing,  we  might  write  368A3,  which  means  that  tiie 
part  belongs  to  the  A  group  (  Cast  Metal  Parts),  and  is  shown  on 
the  tliird  drawing  of  the  series. 

Material  Lists.  Where  articles  of  manufacture  are  repeat- 
edly reproduced,  as  is  the  case  in  standard  manufacturing,  and 
where,  as  often   occurs,  they  are,  for  various  reasons,  not  made  in 


MATERIAL    RECORD 
LIST 

QRWfe  NO. 

,       MASTER  ni'w'S  WO  571 

>.iV:L.-icL.                              coEsvyOBo  nm.*-. 

Description  :  T^^  v>^cx  ^  i^a^,^  i^ja™, 

R EPLACES:  iXi"Vv« -J  w^oA.,  iUtJqji  JU**.-a 

Similar  to-  Vou  Awytii,.  du«i*«^ciVo.57i 
MATERIAL  SPECIFICATION 

l/»f  5^'/7?^o/ /?ec7 

/Vomendature 

Grouo 

/WQ^er/ai 

3S7 

i/» 
iff 

»r/ 

Hi 
50) 

3. 

1 
3. 

1 

1 

a 

* 
1 
A 

l,»~aj73       "J 
Lo>cra^rvrt]u.tvw 

o 

Ti  3 

a  «r 
6  ir 
c  r 

C  5 
C  3 

13  » 

a  1 

3  3 

sT.,LUJbul 

all  cases  just  exactly  alike,  there  is  involved  the  question  as  to 
how  far  the  reproduction  of  general  view  drawings  should  be  car- 
ried. A  record  at  least  is  necessary  of  each  article,  just  as  it  is 
built.  The  old  and  familiar  but  serviceable  plan  of  employing 
material  lists,  developed  through  the  use  of  part  symbols,  etc.. 
serves  admi rainy  in  combination  with  a  typical  or  master  drawing. 
Such  lists  enumerate  the  various  parts  used  in  each  mechanism; 
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ami  when  the  construction  changes,  it  must  occur  through  a  change 
in  the  couibination  of  parts.  Therefore,  wlien  the  parts  are  enu- 
merated there  can  be  no  mistake  about  the  construction.  To  illus- 
trate the  use  of  such  lists,  let  us  assume  the  instance  of  a  switch 
which  is  represented  by  a  general  drawing  and  called  the  "No.  13 
Switch."  Occasion  later  arises  for  a  modification,  say  in  the  dis- 
tance between  stud  centers.  This  will  require  a  different  blade, 
which  is  practically  the  only  difference  between  the  switches.  The 
material  record  list  shown  in  the  accompanying  illustration  fully 
serves  the  purpose,  as  it  reveals  and  identifies  the  component 
parts  which,  accompanied  with  a  master  drawing,  furnish  complete 
manufacturing  data. 

The  '"Material  Specification"  portion  of  the  record  card  is  in 
form  a  duplicate  of  the  material  list  appearing  in  general  draw- 
ings, being  used  for  the  same  purpose — that  of  identifying  the 
parts  involved  in  a  convenient  tabulation. 


VORKING  DRAWING  SHOWING  PRINCIPAL  DIMENSIONS  Of  SPRING  SEAT  VA'.VB. 
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MACHINE  DESIGN- 


PART  I. 

Definitiun.  Machine  Design  is  the  art  of  mechanical  thought 
development,  and  specitication. 

It  is  an  art,  in  that  its  routine  processes  can  be  analyzed  and 
systematically  applied.  Proficiency  in  the  art  positively  cannot 
be  attained  by  any  '•  short  cut "  method.  There  is  nothing  of  a 
spectacular  nature  in  the  methods  of  Machine  Design.  Large 
results  cannot  be  accomplished  at  a  single  bound,  ind  success  is 
possible  only  by  a  patient,  step-by-step  advance  in  accordance 
with  ■well-established  principles. 

"  ilechanical  thought"  means  the  thinking  of  things  strictly 
from  their  mechanical  side;  a  study  of  their  mechanical  theory, 
structure,  production,  and  use;  a  consideration  of  their  mechanical 
fitness  as  parts  of  a  machine. 

"Mechanical  development"  signifies  the  taking  of  an  idea  in 
the  rough,  in  the  crude  form,  for  example,  in  which  it  comes  from 
the  inventor,  working  it  out  in  detail,  and  refining  and  fixing  it  in 
shape  by  the  designing  process.  Ideas  in  this  way  niay  become 
commercially  practicable  designs. 

''Mechanical  specification"  implies  the  detailed  description 
of  designs,  in  such  exact  form  that  the  shop  workmen  are  enabled 
to  construct  completely  and  put  in  operation  the  machines  repre- 
sented in  the  designs. 

The  object  of  Machine  Design  is  the  creation  of  machinery 
for  specific  purposes.  Every  department  of  a  manufacturing 
plant  is  a  controlling  factor  in  the  design  and  production  of  the 
machines  built  there.  A  successful  design  cannot  be  out  of 
harmony  with  the  organized  methods  of  production.  Hence  in 
the  high  development  of  the  art  of  Machine  Design  is  involved  a 
knowledge  of  the  operations  in  all  the  departments  of  a  manu- 
facturing plant.  The  student  is  therefore  urged  not  only  to 
•  familiarize  himself  with  the  direct  production  of  machinery,  but  lo 
«udy  the  relation  thereto  of  the  allied  commercial  departments 
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lie  should  tjet  into  tlie  spirit  of  business  at  the  start,  get  into  the 
shop  atmosj)here,  execute  his  work  just  as  though  the  resulting 
design  were  to  be  built  and  sold  in  competition.  lie  should  visit 
shops,  work  in  them  if  possible,  and  observe  details  of  design  and 
methods  of  finishing  machine  parts.  In  this  way  he  will  begin 
to  store  up  bits  of  information,  practical  and  commercial,  which 
will  have  valuable  bearing  on  his  engineering  study. 

The  labor  involved  in  the  design  of  a  complicated  automatic 
machine  is  evidenced  by  the  designer's  wonderful  familiarity  with 
its  every  detail  as  he  stands  before  the  completer'  machine  in 
operation  and  explains  its  movements  to  an  observer.  The  intri- 
cate mass  of  levers,  shafts,  jjulleys,  gears,  cams,  clutches,  etc.,  etc., 
packed  into  a  small  space,  and  confusing  even  to  a  mechanical 
mind,  seems  like  a  printed  book  to  the  designer  of  them. 

This  is  so  because  it  is  a  familiar  Journey  for  the  designer's 
mind  to  run  over  a  path  which  it  has  already  traversed  so  many 
times  that  he  can  see  every  inch  of  it  with  his  eyes  shut.  Every 
detail  of  that  machine  has  been  picked  from  a  score  or  more  of 
possible  ideas.  One  by  one,  ideas  have  been  worked  out,  laid 
aside,  and  others  taken  up.  Little  by  little,  the  special  fitness  of 
certain  devices  has  become  established,  but  only  by  patient,  care- 
ful consideration  of  others,  which  at  first  seemed  equally  good. 

Every  line,  and  corner,  and  surface  of  each  piece,  however 
small  that  piece  may  be,  has  been  through  the  refining  process  of 
theoretical,  practical,  and  commercial  design.  Every  piece  haB 
been  followed  in  the  mind's  eye  of  its  designer  from  the  crude 
material  of  which  it  is  made,  through  the  various  processes  of  fin- 
^shino-,  to  its  final  location  in  the  completed  machine;  thus  ita 
bodily  existence  there  is  but  the  realization  of  an  old  and  familiar 
picture. 

"What  wonder  that  the  machine  seems  simple  to  the  designer 
of  it!  As  he  looks  back  to  the  multitude  of  ideas  invented, 
worked  out,  considered  and  discarded,  the  machine  in  its  final 
form  is  but  a  trifle.     It  merely  represents  a  survival  of  the  fittest. 

No  successful  machine,  however  simple,  was  ever  designed 
that  did  not  go  through  this  slow  process  of  evolution.  No 
machine  ever  just  simply  happened  by  accident  to  do  the  work 
for  which  it  is  valued.     No  other  principle  upon  which  the  suc- 
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wssful  design  of  macliiiiery  depends  is  so  important  as  this  careful, 
patient  cousideratioii  of  detail.  A  macliine  is  seldom  nnsiiccessful 
beeawse  some  main  point  of  construction  is  wrong.  The  principal 
features  of  a  machine  are  usually  the  easiest  to  determine.  It  is 
a  failure  becaiise  some  little  detail  was  overlooked,  or  hastily  con- 
sidered, or  allowed  to  be  neglected,  because  of  the  irksome  labor 
necessary  to  work  it  oiit  properly. 

There  is  no  task  so  tedious,  for  example,  as  the  devising  of 
the  method  of  lubricating  the  parts  of  a  compliciited  machine. 
Yet  there  is  no  point  of  design  so  vital  to  its  life  and  operation  as 
an  absolute  assurance  of  an  adequate  supply  of  oil  for  the  moving 
parts  at  all  times  and  under  all  circumstances.  Suitable  means 
often  cannot  be  found,  after  the  parts  are  together,  herice  the 
machine  goes  into  service  on  a  risky  basis,  with  the  result,  per- 
haps, of  early  failure,  due  to  "running  dry."  Good  designers 
will  not  permit  a  design  to  leave  their  hands  which  does  not  pro- 
vide practically  automatic  oiling,  or  at  least  such  means  of  lubri- 
cation that  the  operator  can  offer  no  excuse  for  neglecting  to  oil 
his  machine.  This  is  but  a  single  illustration  of  many  which 
might  be  presented  to  impress  the  definite  and  detail  character 
necessary  in  work  in  Machine  Design. 

Relation.  The  relation  which  Machine  Design  should  cor- 
rectly bear  to- the  problems  that  it  seeks  to  solve,  is  twofold;  and 
there  are,  likewise,  two  points  of  view  corresponding  to  this  two- 
fold relation,  from  which  a  study  of  the  subject  should  be  traced. 
Neither  of  these  can  be  discarded  and  an  efficient  mastery  of  the 
art  attained.  These  points  are — 
I.    Theory. 

II.    Production. 

I.  TTieorij.  From  this  point  of  view.  Machine  Design  is 
merely  a  skeleton  or  framework  process,  resulting  in  a  repre- 
sentation of  ideas  of  pure  motion,  fundamental  shape,  and  ideal 
proportion.  It  implies  a  working  knowledge  of  physical  and 
mathematical  laws.  It  is  a  strictly  scientific  solution  of  the 
problem  at  hand,  and  may  be  based  purely  on  theory  which  has 
been  reasoned  out  by  calculation  or  deduced  from  experiment. 
This  is  the  only  sure  foundation  for  intelligent  design  of  any  sort. 

But  it  is  not  enough  to  view  the  subject  from  the  standpoint 
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of  theory  alone.  If  we  stoppt^d  here  we  should  have  nothing  but 
niechanisiiis,  mere  laboratory  maeliines,  simply  structures  of 
inprenuity  and  examples  of  fine  mechanieal  skill.  A  machine  may 
bo  correct  in  the  theory  of  its  motions;  it  may  be  correct  in  the 
theoretical  proportions  of  its  parts;  it  may  even  be  correct  in  its 
opt^ratiou  for  the  time  being;  and  yet  its  complication,  its  mis- 
directed and  wasteful  effort,  its  lack  of  adjustment,  its  expensive 
and  irregular  construction,  its  lack  of  compactness,  its  difficulty 
of  ready  repair,  its  inability  to  hold  its  own  in  competition — any 
of  these  may  throw  the  balance  to  the  side  of  failure.  Such  a 
machine,  commercially  considered,  is  of  little  value.  No  shop 
will  build  it,  no  jiiachinery  house  \j-ill  sell  it,  nobody  will  buy  it 
if  it  is  put  on  the  market. 

Tims  we  see  that,  aside  from  the  theoretical  correctness  ol 
principle,  the  design  of  a  machine  must  satisfy  certain  other 
exacting  requirements  of  a  distinctly  business  nature. 

11.  Prnrhirtion.  From  this  point  of  view.  Machine  Design 
is  the  practical,  marketable  development  of  mechanical  ideas. 
Viewed  thus,  the  theoretical,  skeleton  design  must  be  so  clothed 
and  shaped  that  its  production  may  be  cheap,  involving  simple 
and  efficient  processes  of  manufacture.  It  must  be  judged  by  the 
latest  shop  methods  for  exact  and  maximum  outjmt.  It  must 
possess  all  the  good  points  of  its  competitor,  and,  withal,  some 
novel  and  valuable  ones  of  its  own.  In  these  days  of  keen  com- 
petition it  is  only  by  carefully  studied,  well-directt  d  effort  toward 
rapid,  efficient,  and,  therefore,  cheap  production  that  any  machine 
can  be  brought  to  a  commercial  basis,  no  matter  what  its  other 
merits  may  be.  All  this  must  be  thought  of  and  ])lanned  for  in 
the  design,  and  the  final  shapes  arrived  at  are  quite  as  much  a 
result  of  this  second  point  of  view  as  of  the  first. 

As  a  good  illustration  of  this,  may  be  cited  the  effect  of  the 
present  somewhat  remarkable  development  of  the  so-called  "  high 
speed  "  steels.  The  speeds  and  feeds  possible  with  tools  made  of 
these  steels  are  such  that  the  driving  power,  gearing,  and  feed 
mechanism  of  the  ordinary  lathe  are  wholly  inadequate  to  the 
demands  made  upon  tnem  when  working  the  tool  to  its  limit. 
This  means  that  the  basis  of  design  as  used  for  the  ordinary  tool 
steel  will  not  do,  if  the  machine  is  expected  to  stand  up  to  the 
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cnts  possible  with  the  new  steels.  Hence,  while  the  old  designs 
w'ere  rioht  for  the  old  standard,  a  new  one  has  been  set,  and  a 
thorongh  revision  on  a  liigh-speed  basis  is  imminent,  I'lso  the 
market  for  them  as  machines  of  maximum  output  will  be  lost. 

From  these  definitions  it  is  evident  that  the  designer  must 
not  only  use  all  the  theory  at  his  command,  but  must  continually 
inform  himself  on  all  processes  and  conditions  of  manufacture, 
and  keep  an  eye  on  the  tende''"y  of  the  sales  markets,  both 
of  raw  material  and  the  finished  machinery  product.  This  is 
what  in  the  broadest  sense  is  meant  by  the  term  "  Mechanical 
Thought,"  thought  which  is  directed  and  controlled,  not  only  by 
theoretical  principle  but  by  closely  observed  practice.  From  the 
feeblest  pretenders  of  design  to  those  engineers  who  consummate 
the  boldest  feats  and  control  the  largest  enterprises,  the  process 
which  produces  results  is  always  the  same.  Although  experience 
is  jiecessary  for  the  best  mechanical  judgment,  yet  the  student 
must  at  least  begin  to  cultivate  good  mechanical  sense  very  early 
in  his  study  of  design. 

Invention.  Invention  is  closely  related  to  Machine  Design, 
but  is  not  design  itself.  "Whatever  is  invented  has  yet  to  be 
designed.  An  invention  is  of  little  value  until  it  has  been  refined 
by  the  process  of  design. 

Original  design  is  of  an  inventive  nature,  but  is  not  strictly 
invention.  Invention  is  usually  considered  as  the  result  of  genius, 
and  is  announced  in  a  flash  of  brilliancy.  We  see  only  the  flash, 
but  behind  the  flash  is  a  long  course  of  the  most  concentrated 
brain  effort.  Inventions  are  not  spontaneous,  are  not  thrown  off 
like  sparks  from  the  blacksmith's  anvil,  but  are  the  result  of  hard 
and  applied  thinking.  This  is  worth  noting  carefully,  for  the 
same  effort  which  produces  original  design  may  develop  a  valuable 
invention.  But  there  is  little  possibility  of  inventing  anything 
except  through  exhaustive  analysis  and  a  clear  interpretation  of 
such  analysis. 

Handbooks  and  Empirical  Data.  The  subject  matter  in 
these  is  often  contradictory  in  its  nature,  but  valuable  nevertheless. 
Empirical  data  are  data  for  certain  fixed  conditions  and  are  uoi 
general.  Ilence,  when  handbook  data  are  applied  to  some  specific 
case  of  design,  while  the  information  should  be  used  in  the  freest 


801 


MACHINE  DESIGN 


manner,  yet  it  must  not  bo*  forgotten  that  the  case  at  hand  is  prob- 
ably different,  in  some  degree,  from  that  npon  wliieli  the  data  were 
based,  and  unlike  any  other  case  Mhich  ever  existed  or  will  ever 
again  exist.  Therefore  the  data  should  be  applied  with  the  greatest 
discretion,  and  when  so  applied  will  contribute  to  the  success  of 
the  design  at  least  as  a  check,  if  not  as  a  positive  factor. 

The  student  should  at  the  outset  purchase  one  good  handbook, 
and  acquire  the  habit  of  consulting  it  on  all  occasions,  checking 
and  comparing  his  own  calculations  and  designs  therefrom.  Care 
must  be  taken  not  to  become  tied  to  a  handbook  to  such  an  extent 
that  one's  own  results  are  wholly  subordinated  to  it.  Independence 
in  design  must  be  cultivated,  and  the  student  should  not  sacrifica 
his  calculated  results  until  they  can  be  shown  to  bo  false  or  based 
on  false  assumption.  Originality  and  confidence  in  design  will  be 
tlie  result  if  this  course  bo  honestly  pursued. 

Calculations,  Notes,  and  Records.  Accurate  calculations  are 
the  basis  of  correct  ^iroportions  of  machine  parts.  There  is  a  right 
way  to  make  calculations  and  a  wrong  way,  and  the  student  will 
usually  take  the  wrong  way  unless  he  is  cautioned  at  the  start. 

The  wrong  way  of  making  calculations  is  the  loose  and  shift- 
less fashion  of  scratching  upon  a  scrap  of  detached  paper  marks 
and  figures,  arranged  in  haphazard  form,  and  disconnected  and 
incomplete.  These  calculations  are  in  a  few  moments'  time  totally 
meaningless,  even  to  the  author  of  them  himself,  and  are  so  easily 
lost  or  mislaid  that  when  wanted  they  iisually  cannot  be  found. 

Engineering  calculations  should  always  be  made  systemati- 
cally, neatly,  and  in  perfectly  legible  form,  in  some  permanently 
bound  blank  book,  so  that  reference  may  always  be  had  to  them  at 
any  future  time  for  the  purpose  of  checking  or  reviewing.  Put 
all  the  data  down.  Do  not  leave  in  doubt  the  exact  conditions 
under  which  the  calculations  were  made.  Kote  the  date  of  calcu- 
latioD. 

If  a  mistake  in  figures  is  made,  or  a  change  is  found  neces- 
sary, never  rub  out  the  figures  or  tear  out  the  leaf,  or  in  any  way 
obliterate  the  figures.  Simply  draw  a  bold  cross  through  the  wrong 
part  and  begin  again.  Often  a  calculation  which  is  supposed  to 
be  wrong  is  later  shown  to  be  right,  or  the  facts  which  caused  the 
error  may  be  needed  for  investigation  and  comparison.   Time  which 
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is  spent  in  making  ficrures  is  always  valuable  time,  time  too  pre- 
cious to  be  thrown  away  by  destroying  the  record. 

The  recording  of  calculations  in  a  pei'manent  form,  as  just 
described,  is  the  general  practice  in  all  modern  engineering  offices. 
This  plan  has  been  established  purely  as  a  business  policy.  In 
case  of  error  it  locates  responsibility  and  settles  dispute.  Con- 
sistent designing  is  made  possible  through  the  records  of  past 
designs.  Proposals,  estimates,  and  bids  may  often  be  made 
instantly,  on  the  basis  of  what  these  record  books  show  of  sizes 
and  weights.  This  bookkeeping  of  calculations  is  as  important  a 
factor  of  systematic  engineering  as  bookkeeping  of  business 
accounts  is  of  financial  success. 

The  student  should  procure  for  this  purpose  a  good  blank  book 
with  a  firm  binding,  size  of  page  not  smaller  than  G  by  8  inches 
(periiaps  S  by  11  inches  jnay  be  better),  and  every  calculation,  how- 
ever  small  and  apparently  unimportant,  should  be  made  in  it. 

Sample  pages  of  engineering  calculations  are  reproduced  in 
Figs.  8  to  9.  Note  the  sketch  showing  the  forces.  Note  tlie  clear 
statement  of  data.  Note  the  systematic  writing  of  the  ecpiations. 
and  tlie  definite  substitutions  therein.  Note  the  heavy  doulile 
underscoring  of  the  result,  when  obtained.  There  is  nothing  in 
the  whole  process  of  the  calculation  that  cannot  be  reviewed  at 
any  moment  by  anybody,  and  in  the  briefest  time. 

The  development  of  a  personal  note-book  is  of  great  value  to 
the  designer  of  machinery.  The  facts  of  observation  and  experi- 
ence recorded  in  proper  form,  bearing  the  imprint  of  intimate 
personal  contact  with  the  points  recorded,  cannot  be  equalled 
in  value  by  those  of  any  hand  or  reference  book  made  by  another. 
Tliere  is  always  a  flavor  about  a  personal  note-book,  a  sort  of 
guarantee,  which  makes  the  use  of  it  by  its  author  definite  and 
sure. 

The  habit  of  taking  and  recording  notes,  or  even  knowing 
what  notes  to  take,  is  an  art  in  itself,  and  the  student  should 
begin  early  to  make  his  note-book.  Aside  from  the  value  of  the 
notes  themselves  as  a  part  of  his  personal  equipment,  the  facility 
'.viih  which  his  eye  will  be  trained  to  see  and  record  mechanical 
things  will  be  of  great  value  in  all  of  his  study  and  work.  How 
many  men  go  through  a  shop  and  reallv   see  nothing  of  tlie  opeia- 
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tiona  goiiiir  on  therein,  or,  swing  them,  remember  nothing!  An 
engineer,  trained  in  this  respect,  will  to  a  surprising  degree  bo 
able  to  retain  and  sketcli  little  details  Mliieh  fall  Tinder  liis  eye  for 
a  brief  moment  only,  while  ho  is  passing  through  a  crowded  shop. 

Some  draftsmen  have  the  habit  of  copying  all  the  standard 
tables  of  the  various  offices  in  which  they  work.  "Wliile  these  are 
of  some  value  in  a  few  cases,  yet  this  is  not  what  is  meant  by  a 
goml  note-book  in  the  best  sense.  Ideas  make  a  good  note-book, 
not  a  mere  taVnilation  of  figures.  If  the  basis  upon  which  stan- 
dards are  founded  can  be  transferred  to  permanent  personal  record, 
or  novel  methods  of  calculation,  or  simple  features  of  construc- 
tion, or  data  of  mechanical  tests,  or  efficient  arrangement  of 
machinery — if  thexe  can  be  preserved  for  reference,  the  note-book 
will  be  of  greatest  value. 

Whatever  is  noted  down,  make  clear  and  intelligible,  illus- 
trating by  a  sketch  if  possible.  Make  the  note  so  clear  that 
reference  to  it  after  a  long  space  of  years  would  bring  the  whole 
subject  before  the  mind  in  an  instant.  If  this  is  not  done  the 
author  of  the  note  himself  will  not  have  patience  to  dig  out  tlie 
meaning  when  it  is  needed;  and  the  note  will  be  of  no  value. 

METHOD   OF   DESIGN. 

The  fundamental  lines  of  thought  and  action  which  every 
designer  follows  in  the  solution  of  any  problem  in  any  class  of 
work  whatsoever,  are  four  in  number.  The  expert  may  carry  all 
these  in  mind  at  the  same  time,  without  definite  separation  into  a 
a  step-by-step  process;  but  the  student  must  master  them  in  their 
proper  sequence,  and  thoroughly  understand  their  application. 
In  these  four  are  concentrated  the  entire  art  of  Machine  Design. 
"When  they  have  become  so  familiar  as  to  be  instinctively  applied 
on  any  and  all  occasions,  good  design  is  the  result.  The  only 
other  quality  which  will  facilitate  still  further  the  design  of  good 
machinery  is  experience;  and  that  cannot  be  taught,  it  must  be 
acquired  by  actual  work. 

I.  Analysis  of  Conditions  and  Forces.  First,  take  a  good 
square  look  at  the  problem  to  be  solved.  Study  it  from  all  sides, 
view  it  in  all  lights,  note  the  worst  conditions  which  can  possibly 
exist,  note  the  average  conditions  of  service,  note  any  special  or 
irregular  service  likely  to  be  called  for. 
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AVith  these  conditions  well  in  mind,  mate  a  carefiil  analysis 
of  all  tlio  forces,  maximum  as  well  as  average,  which  may  be 
brought  into  jilay.  J\rake  a  rough  sketch  of  the  piece  under  con- 
sideration, and  put  in  these  forces.  Be  sure  that  these  forci^s  are 
at  least  apjjroximately  right.  Go  over  the  analysis  carefully 
again  and  again.  Kemember  that  time  saved  at  the  beginning 
by  hasty  and  poor  analysis  will  actually  be  time  lost  at  the  end; 
and  if  the  machine  actually  fails  from  this  reason,  heavy  financial 
loss  in  material  and  labor  will  occur.  Any  haste  toward  com- 
pletion of  the  structure  beyond  the  roughest  outline,  without  this 
careful  study  of  forces,  is  a  blind  leap  in  the  dark,  entirely  un- 
scientific, and  almost  certain  to  result  in  ultimate  failure. 

On  the  other  hand  this  principle  may  be  carried  too  far.  In 
trying  to  make  the  analysis  thorough  and  the  forces  accurate,  it  is 
qu'te  possible  to  consume  more  than  a  reasonable  amount  of  time. 
Again,  it  is  not  always  easy,  and  frequently  impossible,  to  deter- 
mine exactly  the  forces  acting  on  a  given  piece.  But  their  nature, 
whether  sudden  or  slowly  applied,  rapid  in  action  or  only  oc- 
curring at  intervals,  and  their  approximate  direction  and  magni- 
tude at  least,  are  always  capable  of  analysis.  There  are  few,  if 
any,  cases  where  close  assumptions  cannot  be  made  on  the  above 
basis  and  the  design  proceeded  with  accordingly.  Hence  the 
danger  of  too  great  refinement  of  analysis  is  simply  to  be  avoided 
by  the  designer's  plain  business  sense. 

The  first  tendency  of  the  student  is  to  pass  over  the  study  of 
the  forces  as  dull  and  dry,  and  attempt  the  design  at  once.  He 
soon  finds  himself  facing  problems  of  which  he  sees  no  possible 
solution,  and  he  bases  his  design  on  pure  guess-work.  This  is 
the  only  solution  possible  from  such  a  point  of  view,  and  is  really 
no  solution  at  all.  A  guess  which  has  some  rational  backing  is 
often  successful;  but  in  that  case  some  analysis  is  required,  and  it 
is  not  a  pure  guess,  but  falls  under  the  very  principle  we  are 
considering. 

There  is  no  short  cut  to  the  design  of  machine  parts  which 
avoids  this  full  understanding  of  the  forces  that  they  must 
sustain.  The  size  of  a  belt  depends  upon  the  maximum  pull 
upon  it,  and  the  designing  of  belts  is  nothing  but  providing 
sufficient  cross-section  of  leather  to  prevent  the  belt  tearing  under 
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the  jmll.  Again,  if  j)ullcy  arms  are  not  to  break,  or  shafts  twist 
off,  or  bolts  be  torn  apart,  or  tlie  toetb  of  goars  fail,  or  ki'ys  and 
pins  shear  off,  we  must  first,  of  course,  lind  out  what  forces  exist 
which  are  likely  to  produce  stress  that  may  lead  to  such 
breakage.  We  should  not  gaess  at  the  sizes,  and  then  run  the 
machine  to  see  if  breakage  results,  and  then  guess  again.  Ma- 
chines are  sometimes  built  in  this  way,  but  it  is  an  unreasonable 
and  uncertain  method.  We  must  use  every  effort  to  foresee  the 
stress  which  a  piece  is  liable  to  receive,  before  we  decide  its  size. 
"We  must  know  all  the  forces  approximately,  if  not  Tiositively. 
The  analysis  must  bo  thorough  enough  to  permit  of  reasonable 
assumption,  if  not  positive  assertion.  It  is  manifestly  impossible 
to  solve  any  problem  until  we  know  exactly  what  the  problem  is; 
and  a  full  analysis  is  the  statement  of  the  problem. 

2.  Theoretical  Design.  After  we  know  by  careful  analysis 
what  stress  the  machine  part  has  to  sustain,  the  next  step  is  so  to 
design  it  that  it  will  theoretically  resist  the  applied  forces  with 
the  least  expenditure  of  material. 

We  often  see  machinery  with  the  metal  of  which  it  is  made 
distributed  in  the  worst  possible  manner.  In  places  where  the 
stress  is  heavy  and  a  rigid  member  is  needed,  we  find  a  weak, 
springy  part;  wL'ile  in  other  parts,  where  there  are  no  forces  to  be 
resisted,  or  \  ibration  to  be  absorbed,  there  seems  to  be  a  waste  of 
good  material.  Whether  in  such  case  the  analysis  of  the  forcea 
was  poor,  or  perhaps  not  made  at  all,  or  whether  a  knowledge  of 
how  to  design  so  as  to  resist  the  given  forces  was  wholly  absent, 
cannot  be  told.  At  any  rate,  lack  of  either  or  both  is  clearly 
shown  in  the  result. 

Any  member  of  a  machine  may  vary  in  form  from  a  solid 
block  or  chunk  of  material  to  an  open  ribbed  structure.  The  solid 
chunk  fills  the  requirement  as  far  as  strength  is  concerned,  nnlesa 
it  is  so  heavy  as  to  fail  from  its  own  weight.  Cut  such  construc- 
tion is  poor  design,  except  in  cases  where  the  concentration  of 
heavy  mass  /s  necessary  to  absorb  repeated  blows  like  those  of  a 
hammer.  The  possibility  of  these  blows  should,  however,  have 
been  determined  in  the  analysis;  and  the  solid,  anvil  constrociio" 
then  becomes  theoretical  design  for  that  analysis. 

For  steadily  applied  loada  an  open,  ribbed,  or  hollow  box 
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structure  can  be  made  which  will  distribute  the  metal  where  it  is 
theoretically  needed,  and  each  fiber  will  then  sustain  its  proper 
share  of  the  load.  In  this  way  weight,  cost,  and  appearance  are 
heeded;  and  the  service  of  the  piece  is  as  good  as,  and  probably 
better  than,  it  would  be  with  the  clumsy,  solid  form. 

There  is  no  such  thing  as  putting  too  much  theory  into  the 
design  of  machinery.  The  strongest  trait  which  an  engineer  can 
have  is  absolute  faith  in  his  analyses  and  calculations,  and  their 
reproduction  in  his  theoretical  design.  Theoretical  design  is  an 
indication  of  scientific  advance  in  the  art,  and  some  of  the  greatest 
steps  of  progress  which  have  been  made  in  recent  years  have  been 
accomplished  through  a  purely  theoretical  study  of  machine 
structure. 

It  will  never  do,  however,  to  bj  satisfied  with  theoretical 
design  when  it  is  not  in  accord  with  modern  commercial  and  manu- 
facturing considerations.  Hence  the  next  step  after  the  determina- 
tion of  the  theoretical  design  is  the  study  of  it  from  the  producing 
standpoint. 

3.  Practical  Modification.  All  theoretical  design  viewed  from 
the  business  standpoint  is  wortliless,  unless  it  has  been  subjected 
to  the  test  of  cheap  and  efiicient  production.  Each  machine  detail, 
though  correct  in  theory,  may  yet  be  improperly  shaped  and  unfit 
for  the  part  it  is  to  play  in  the  general  scheme  of  manufacture. 

The  conditions  here  involved  are  chaUgeable.  What  is  good 
design  in  this  decade  may  be  bad  in  the  nest.  In  this  light  the 
designer  must  be  a  close  student  of  the  signs  of  the  times;  he  must 
follow  the  march  of  progress,  closely  applying  existing  resources, 
conditions,  and  facilities,  otherwise  he  cannot  produce  up-to-date 
designs.  The  introduction  of  new  raw  materials,  the  cheapening 
of  production  of  others,  the  changing  of  shop  methods,  the  use  of 
special  machinery,  the  opening  of  new  markets,  the  development 
of  new  motive  agents,  —  all  these  and  many  others  are  constantly 
demanding  some  modification  in  design  to  meet  competition. 

Illustrative  of  this,  note  the  change  which  has  been  wrought 
by  the  development  of  electric  power,  the  rise  and  decline  of  the 
bicycle  business,  the  present  manufacture  of  automobiles,  the  last 
named  especially  with  reference  to  the  development  of  the  small 
motive  unit,  the  gasolene  engine,  the  steam  engine,   etc.     The 
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desiffii  of  iiuuli  niadiinerv  Las  been  materially  changed  to  meet 
the  exactintf  deiiiaiids  of  these  new  enterprises. 

Praetical  inodifieations  of  desi<fn  necessary  to  meet  the  lirni- 
tations  of  construction  in  the  pattern  shop,  foundry,  and  machine 
shop  are  of  daily  application  in  the  designer's  work.  He  must 
keep  in  his  mind's  eye  at  all  times  the  workmen  and  the  processes 
they  use  to  create  his  designs  in  metal  in  the  shoj). 

"  IIow  can  this  be  made  ? "  "  Can  it  bo  made  at  all  ? " 
•'Can  it  be  made  cheaply?"  "Will  it  be  simple  in  operation 
after  it  is  made?"  "Can  it  bo  readily  removed  for  repair?" 
"  Can  it  be  lubricated  '.  "  "  IIow  can  it  be  ])Ut  in  place  ?  "  "  How 
can  it  bo  gotten  out?"  "Will  it  be  made  in  small  quantities 
or  large  ? "  "  "Will  it  sell  as  a  special  or  standard  machine  ? " 
etc.,  etc. 

The  consideration  of  such  questions  as  these  is  a  practical 
necessity  as  a  business  matter.  No  other  feature  affects  the 
design  of  machinery  more,  perhaps;  for  designs  which  cannot  be 
built  as  business  propositions  are  no  designs  at  all. 

The  student,  it  is  true,  may  not  have  the  extended  shop 
knowledge  which  is  essential  to  this;  but  he  can  do  much  for 
himselr  by  visiting  shops  whenever  possible,  getting  hold  of  shop 
ways  of  doing  things,  and  invariably  treating  bis  work  as  a 
business  matter.  Though  a  man  may  not  be  a  pattern  maker, 
niolder,  blacksmith,  or  machinist,  yet  he  can  soon  gain  ideas  o'  the 
processes  in  each  of  these  branches  which  will  be  of  imiuense 
fidvantage  to  him  in  his  designing  work. 

4.  Delineation  and  Specification.  This  means  the  clear  and 
concise  representation  of  the  di'sign  l)y  mechanical  drawings. 

This  is  as  much  a  part  of  the  routine  method  of  Machine  De- 
sign as  the  other  three  points  which  have  been  discussed.  The 
mere  act  of  putting  the  results  of  mechanical  thinking  on  paper  la 
one  of  the  greatest  helps  to  force  thinking  machinery  to  system- 
atic and  definite  action.  A  designer  never  thinks  very  long 
without  drawing  something,  and  the  student  must  bring  himself  to 
feel  that  a  drawing  in  its  first  sense  is  a  means  of  helping  his  own 
thought,  and  must  freely  use  it  as  such. 

In  its  second  and  final  sense,  the  drawing  is  an  order  and 
specillcation  sheet  from  the  designer  to  the  workman.     Design 
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which  stops  short  of  exact,  finished  delineation  in  the  form  of 
working  shop  drawings  is  only  half  done.  In  fact  the  possibility 
of  a  piece  being  thus  exactly  drawn  is  often  the  crucial  test  of  its 
feasibility  as  a  part  of  a  machine.  It  is  easy  to  make  general  out- 
lines, but  it  is  not  so  easy  to  get  down  to  finished  detail.  It  is 
safe  to  say  that  there  is  no  one  thing  productive  of  more  trouble, 
delay  and  embarrassment,  and  waste  of  time  and  money  in  the 
shop,  when  there  need  be  none  from  this  cause,  than  a  poor  detail 
drawing.  The  etficiency  of  the  process  of  design  is  not  fully  real- 
ized, and  failures  are  often  recorded  where  there  should  be  success, 
merely  because  the  indetiuiteness  permitted  by  the  designer  in  the 
drawings  naturally  transmitted  itself  to  the -workman,  and  he  in 
turn  produced  a  part  indefinite  in  form  and  operation. 

The  actual  process  of  drawing  in  the  development  of  a  design 
may  be  outlined  as  follows  : 

Rough  sketches  merely  representing  ideas,  not  drawn  to  scale, 
are  first  made.  These  are  of  use  only  so  far  as  the  choice  of  me- 
chanical ideas  is  concerned,  and  to  carry  preliminary  dimensions. 

Following  these  sketches,  comes  a  layout  to  scale,  of  the 
favored  sketch,  a  working  out  of  the  relative  sizes  and  location  of 
the  parts.  This  drawing  may  be  of  a  sketchy  nature,  cariying  a 
principal  dimension  here  and  there  to  fix  and  control  the  detailed 
design.  In  this  drawing  the  design  is  developed  and  general  detail 
worked  out.  The  minute  detail  of  the  individual  parts  is,  t  ^wever, 
left  to  the  subsequent  working  drawing. 

This  layoiit  drawing  may  now  be  turned  over  to  an  expert 
draftsman  or  detail  designer,  who  picks  out  each  part,  makes  an 
exact  drawing  of  it,  studying  every  little  detail  of  its  shape,  and 
finally  adds  complete  dimensions  and  specifications  so  that  the 
workman  is  positively  informed  as  to  every  point  of  its  construction. 

General  drawings  and  cross  sections  constitute  the  last  step 
in  the  process  of  complete  delineation.  These  show  the  parts 
assembled  in  the  complete  machine.  They  also  serve  a  valuable 
purpose  to  the  draftsman  in  checking  up  the  dimensions  of  the 
detail  drawings.  Errors  which  have  escaped  previous  notice  are 
often  discovered  in  this  way.  The  layout,  iuentioued  above,  is 
sometimes  finished  up  into  a  general  drawing;  but  it  is  safer  to 
make  an  entirelv  new  drawing,  as  changes  in  detail  are  ofteD 
necessary  after  the  layout  is  made. 
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Tlie  four  fundaniental  lines  of  tlioiiglit  and  action  noted 
above  may  \h'  siinnnarized  thus — "analyvie  and  theorize,  modify 
and  delineate."  This  is  a  maxim  easy  to  remember,  ai)plicable 
to  every  j)robleni  in  Machine  Design,  and  always  provides  the 
answer  to  the  question  "What  shall  I  do,  how  shall  I  proceed?" 
by  pointing  out  the  proper  sequence  in  the  course  to  be  followed. 

CONSTRUCTIVE   MECHANICS. 

Mechanics  is  a  constructive  science,  its  principles  lying  at  the 
root  of  the  design  and  operation  of  all  machinery.  It  is  usually 
taui'ht,  however,  as  an  advanced  mathematical  subject;  and  the 
student  gets  his  original  conceptions  of  forces,  moments,  and 
beams  iitthe  abstract,  before  he  realizes  the  constructive  value  of 
such  conceptions.  By  "Constructive  Mechanics"  is  meant  the 
study  of  a  machine  purely  from  its  constructive  side,  the  viewing 
of  the  jiarts  with  respect  to  their  "  mechanics,"  and  satisfying  the 
requirements  of  the  same  in  form  and  arrangement. 

The  student  may  cultivate  this  habit  of  clear,  mechanical  per- 
ception by  constantly  noting  the  "mechanics"  of  the  simple 
structures  which  he  sees  in  his  daily  routine  of  work.  Aside 
from  machinery,  in  which  the  "mechanics"  is  often  obscure, 
the  world  is  full  of  simple  examples  of  natural  strength  and 
symmetry,  explainable  by  application  of  the  principles  of  pure 
"  mechanics." 

Posts  and  pillars  are  largest  at  their  bases;  overhanging 
brackets  or  arms  are  spread  out  at  the  fastening  to  the  wall; 
heavy  swinging  gates  are  counter-balanced  by  a  ponderous  weight;' 
the  old-fashioned  well  sweep  carries  its  tray  of  stones  at  the  end, 
adjustincr  the  balance  to  a  nicety;  these  are  examples  of  things 
depending  for  their  form  and  operation  upon  the  principles  of 
"  mechanics."  The  building  of  them  involved  "  constructive 
mechanics,"  and  yet  their  constructor  perhaps  never  heard  of  the 
science,  using  merely  his  natural  sense  of  mechanical  fitness 
Such  simple  reasoning  is,  however,  Constructive  Mechanics. 

Forces,  Moments,  and  Beams.  Machines  are  nothing  but  a 
collection  of  (1)  parts  taking  direct  stress,  or  (2)  parts  acting  as 
loaded  beams.  Forces  acting  wit/iout  leverage  produce  direct 
stress  on  the  sustaining  part.     Forces  acting  vj/'th  leverage  pro- 
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duce  a  moment;  the  sustaining;  membiT  is  a  beam,  and  the  stress 
therein  depends  on  the  theory  of  beams,  as  exjjlained  in  "  Me- 
chanics." 

An  example  uf  the  first  fs  the  k)ad  on  a  rope,  the  force  actinc 
witbont  leverage,  and  the  rope  therefore  having  a  direct  stress  put 
uj)on  it. 

An  example  of  the  second  is  a  push  of  the  hand  on  the  craiik 
of  a  grindstone.  A  moment  is  produced  about  the  hub  of  the 
crank;  the  arm  of  the  crank  is  a  beam,  and  the  stress  at  any  point 
of  it  may  be  found  l)y  the  method  of  theory  of  beams. 

Tension,  Compression,  and  Torsion.  The  stress  induced  in 
the  sustaining  part,  whether  tensile,  compressive,  or  torsional,  is 
caused  by  the  application  of  forces,  either  acting  directly  without 
leverage,  or  with  leverage  in  the  production  of  moments. 

The  forces  applied  from  external  sources  are  at  constant  war 
with  the  resisting  forces  due  to  the  strength  of  the  fibres  of  the 
material  composing  the  machine  members.  The  moments  of  the 
external  forces  are  constantly  exerted  against  and  balanced  by  ihe 
moments  of  the  infernal  resistance  of  the  material.  Ilence, 
design,  from  a  strength  standpoint,  is  merely  a  balancing  of 
internal  strength  against  external  force.  In  other  words,  wq  maj- 
in  all  cases  write  a  sign  of  equality,  place  the  applied  effort  on 
one  side,  the  effective  resistance  on  the  other,  and  we  shall  have 
an  equation,  which,  if  capable  of  solution,  will  give  the  proper 
proportions  of  the  parts  considered. 

External  Force  =  Internal  Eesistance. 
External  Moment  =  Internal  Moment  of  Resistance. 
Expressed  in  terms  of  the  '•  Mechanics:" 
P=AS  (,) 

B  or  T=^  (2) 

c 

In  these  formulas,  which  are  perfectly  general, 

P=direct  load  in  pounds. 

A=area  of  effective  material,  in  square  inches. 

S=wofldng  fibre  stress  of  the  material  (tensile,  compressive,  or  shear- 
ing), in  pounds  per  square  inch. 

B  or  T=pxtcrnal  moment  (bending  or  torsional),  in  inch-pounds. 

I=moment  of  inertia  (direct  or  polar),  of  the  resisting  section. 

c=distance  of  tho  most  remote  fibre  of  tho  resisting  section  from  the 
neutral  axis. 
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P  may  produce  direct  tensile,  compressive,  or  shearing  stress. 

B  may  produce  tensile  or  compressive  stress,  and  requires  use  of  direct 
moment  of  inertia  in  either  case. 

T  produces  shearing  stress,  and  requires  use  of  polar  moment  of 
inertia. 

The  origin  of  formula  (1)  is  obvious,  the  assumption  being 
that  the  fibre  stress  is  equally  distributed  to  every  particle  in  the 
area  "A." 

The  development  of  formula  (2)  is  given  in  any  text-book  in 
Mechanics.  It  requires  the  aid  of  the  Calculus,  however.  Any 
good  handbook  gives  values  for  both  the  direct  moment  of  inertia 
and  the  polar  moment  of  inertia  for  quite  a  large  variety  of  sections, 
80  that  further  reference  is  an  easy  matter  for  the  student.  These 
values  are  also  obtained  through  the  methods  of  the  ralculus. 

Tlie  reason  for  introducing  these  formulas  at  this  time  is  to 
call  the  attention  of  the  student  especially  to  the  fact  of  their 
universal  and  fundamental  use  in  all  problems  concerning  the 
strength  of  machine  parts.  Nearly  every  computation  may  bo 
reduced  to  or  expanded  from  these  two  simple  equations.  Many 
complex  combinations  occur,  of  course,  which  will  not  permit  siin- 
j)le  and  direct  application  of  these  formulas,  but  the  student  will 
do  well  to  place  himself  in  perfect  command  of  these  two.  Assuming 
Ihat  he  is  able  to  analyze  forces,  and  comjjute  the  simple  monu-nt 
at  the  point  where  he  wishes  to  find  the  strength  of  section,  the 
rest  is  the  mere  insertion  of  the  assumed  working  fibre  stress  of 
the  material  in  the  formula  (2)  above,  and  solution  for  the  quantity 
desired. 

When  the  case  is  one  of  combined  stress,  the  relation  becomes 
more  complicated  and  difficult  of  analysis  and  solution.  The  most 
common  case  is  where  bending  is  combined  with  torsion,  as  in  tlie 
case  of  a  shaft  transmitting  power,  and  at  the  same  time  loaded 
transversely  between  bearings.  In  fact  there  are  very  few  cases  of 
shafts  in  machines,  which,  at  some  part  of  their  length,  do  not 
have  this  combined  stress.  In  this  case  the  method  of  procedure 
is  to  find  the  simple  bending  moment  and  the  simple  torsional 
.  moment  separately,  in  the  ordinary  way.  Then  the  theory  of 
elasticity  furnishes  us  with  a  formula  for  an  equivalent  bending 
or  an  equivalent  ttu'sional  moment  which  is  supposed  to  produce 
'ie  same  effect  uuon  the  fibres  of  the  material  as  the  combine<J 


HYDRAULIC  ACCUMULATOR 
Detail  Drawing,  to  be  used  with  Figure  on  Opposite  Page 


Assemoled  Drawing  with  Details  on  the  Same  Sheet 


MACHINE  DESIGN  19" 

actioii  of  the  two  simple  moments  acting  together.  In  other 
words,  the  separate  niomonts  combined  in  action,  being  impossible 
of  solution  in  that  form,  are  reduced  to  an  er^uivalent  simple 
moment  and  the  solution  tlii'n  becomes  the  same  as  for  the  prev- 
ions  case. 

These  equivalent  e(piations  are  given  below,  the  subscript  "e" 
being  added  to  express  separation  from  the  simple  moment: 

B=^+ii/WTP        (3) 

T„=Bf7/T?+T  (4) 

Bg  and  T^,  found  from  these  equations,  are  the  external  mo- 
ments,  and  are  to  be  equated  to  the  internal  moments  of  resistance 
of  the  section  precisely  as  if  they  were  simple  bending  or  torsional 
moments.  Either  may  be  used.  For  shafts  (4)  is  generally  used, 
being  the  simpler  of  the  two  in  form. 

FRICTION   AND    LUBRICATION. 

The  parts  of  a  machine  which  have  no  relative  motion  with 
regard  to  each  other  are  not  dependent  upon  lubrication  of  their 
surfaces  for  the  proper  performance  of  their  functions.  In  cases 
where  relative  motion  does  occur,  as  between  a  planer  bed  and  its 
ways,  a  shaft  and  its  bearing,  or  a  driving  screw  and  its  nut, 
friction,  and  consequent  resistance  to  motion,  will  inevitably 
occur.  Heat  will  be  generated,  and  cutting  or  scoring  of  the 
surfaces  will  take  place  if  the  surfaces  are  allowed  to  run  together 
dry. 

This  diiiiculty,  which  exists  with  all  materials,  cannot  be 
overcome,  for  it  is  a  result  of  I'oughness  of  surface,  characteristic 
of  the  material  even  when  highly  finished.  The  problem  of  the 
designer,  then,  is  to  take  conditions  as  he  finds  them,  and,  as  he 
cannot  change  the  physical  characteristics  of  materials,  so  choose 
those  which  are  to  rub  together  in  the  operation  of  the  machine 
that  friction  will  be  reduced  to  the  lowest  possible  limit.  Now  it 
fortunately  happens  that  there  are  certain  agents  like  oil  and 
graphite,  which  seem  to  fill  up  the  hollows  in  the  surface  of  a 
solid  material,  and  which  themselves  have  very  little  friction  on 
other  substances.  Hence,  if  a  machine  permits  by  its  design  an 
automatic  supply  of  these  lubricating  agents  to  all  surfaces  bavinj^ 
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motion  between  them,  friction  may  be  reduced  to  the  lowest  limit. 

If  this  full  suj>])ly  of  lubricant  be  secured,  and  the  parts  still 
heat  and  cut,  then  the  fault  may  be  traced  to  other  causes,  such  as 
springy  surfaces,  localization  of  pressure,  or  insufficient  radiating 
surface  to  carry  away  the  heat  of  friction  as  fast  as  it  is  generated. 

Lubricating  agents  are  of  a  nature  running  from  the  solid 
graphite  form  to  a  thick  grease,  then  to  a  heavy  dark  oil,  and 
finally  to  a  thin,  fluid  oil  flowing  as  freely  as  water.  The  solid  and 
heavy  lubricants  are  applicable  to  heavily  loaded  places  where  the 
pressure  would  squeeze  out  the  lighter  oils.  Grease,  forced  be- 
tween the  surfaces  by  compression  grease  cups,  is  an  admirable 
lubricator  for  heavy  machinery  under  severe  service.  High-speed 
and  accurate  machinery,  lightly  loaded,  requires  a  thin  oil,  as  the 
fits  would  not  allow  room  for  the  heavier  lubricants  to  find  their 
way  to  the  desired  spot.  The  ideal  condition  in  any  case  is  to 
have  a  film  of  lubricant  always  between  the  surfaces  in  contact, 
and  it  is  this  condition  at  which  the  designer  is  always  aiming  in 
his  lubricating  devices. 

Oil  ways  and  channels  should  be  direct,  ample  in  size, 
readily  accessible  for  cleaning,  and  distributing  the  oil  by  natural 
flow  over  the  full  extent  of  the  surface.  Hidden  and  remote 
bearings  must  be  reached  by  pipes,  the  mouths  of  which  should 
be  clearly  indicated  and  accessible  to  the  oj>erator  of  the  machine. 
Such  pipes  must  be  straight,  if  possible,  and  readily  cleaned. 

Tliere  is  one  practical  principle  affecting  the  design  of 
methods  of  lubrication  of  a  machine  which  should  be  borne  in 
mind.  This  is,  "  Neglect  and  carelessness  by  the  operator  must 
be  provided  for."  It  is  of  no' use  to  say  that  the  ruination  of  a 
surface  or  hidden  bearing  is  due  to  neglect  by  the  operator,  if  the 
means  for  such  lubrication  are  not  perfectly  obvious.  This  is 
"  locking  the  door  after  the  horse  is  stolen."  The  designer  has 
not  done  his  duty  until  he  has  made  the  scheme  of  lubrication  so 
plain  that  every  part  i/insl  receive  its  proper  supplj^  of  oil,  except 
by  gross  and  willful  negligence,  for  which  there  can  be  no 
(lossible  just  excuse. 

WORKING   STRESSES   AND   STRAINS. 

'^ome  persons  object  to  the  iise  of  these  terms,  as  one  is 
^raquently  used  for  the  other,  and  misunderstanding  results.   This 
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is  donbtlcss  true;  but  the  student  may  as  well  learn  tlie  true 
♦  jlation  of  tlie  terms  once  for  all,  because  be  will  frequently  run 
across  them  in  his  reading  and  reference  work,  and  should  intei- 
nret  them  rightly.     The  strict  relation  of  the  two  is  as  follows: 

Stir,9s  is  the  internal  force  in  a  piece  resisting  the  external 
force  applied  to  it.  A  weight  of  ten  jiounds  hangmg  on  a  rope 
produces  a  sd'ess  of  ten  pounds  in  the  rope. 

^ti-ain  is  the  change  of  shape,  or  deformation,  in  a  piece 
resisting  an  external  force  applied  to  it.  If  the  above  weight  of 
ten  pounds  stretches  the  rope  ^  inch,  the  strain  is  ^  inch. 

Unit  stress  is  stress  per  unit  area,  e.  g.,  per  square  inch. 

Unit  strain  is  strain  per  unit  length,  e.  g.,  per  inch  length. 

In  the  above  case,  if  the  rope  were  A  square  inch  in  area 
and  30  inches  long,  the  unu  stress,  or  intensity  of  stress,  is 
10-r-^=:20  pounds  per  square  inch;  the  unit  strain  is  4-^30=j-|-jj 
inch  per  inch. 

When  stress  is  induced  in  a  piece,  the  strain  is  practically 
proportional  to  the  stress  for  all  values  of  the  stress  below  the 
elastic  limit  of  the  material;  and  when  the  external  load  is  re- 
moved the  strain  will  entirely  disappear,  or  the  recovering  power 
of  the  material  will  restore  the  piece  to  the  original  length. 

Illustrating  by  the  case  above,  on  the  supposition  that  the 
elastic  limit  has  not  been  reached  by  the  stress  of  20  pounds  per 
square  inch,  if  the  load  of  10  pounds  were  taken  off,  the  ^-inch 
strain  would  disappear  and  the  rope  return  to  its  original  length; 
if  the  load  were  changed  to  A  of  10  pounds,  or  5  pounds,  the 
strain  would  be  -^  of  ^  inch,  or  ^  inch. 

Now  it  is  found  that  if  we  wish  a  piece  to  last  in  service  for 
a  long  time  without  danger  of  breakage,  we  must  not  permit  it 
to  be  stressed  anywhere  near  the  elastic  limit  value.  If  we  do, 
although  it  will  probably  not  break  at  once,  it  is  in  a  dangerous 
condition,  and  not  well  suited  to  its  requirements  as  a  machine 
member.  The  technical  name  for  this  weakening  effect  is  "  fa- 
tigue." It  is  further  found  that  the  fatigue  due  to  this  repeated 
stress  is  reached  at  a  lower  limit  when  the  stress  is  alternating  in 
character  than  when  it  is  not.  In  other  words,  if  we  first  pull  on 
a  piece  f;ad  then  push  on  it,  we  shall  first  have  the  piece  in  tension 
an*]  ',h;'n  in  compression;  this  alternation  of  stress  repealed  tc 
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near  the  elastic  limit  of  the  material  will  fatigue  it,  or  wear  out 
the  fibres,  and  it  will  finally  fail.  If,  however,  we  first  pull  09  , 
the  piece  with  the  same  force  as  before,  and  then  let  go,  we  shall  , 
first  have  the  piece  in  tension  and  then  entirely  relieved;  such  I 
repetition  of  stress  will  finally  "fatigue"  the  material,  but  not  so 
quickly  as  in  the  first  case.  ExperimerH  indicate  that  it  may  , 
take  twice  as  many  applications  in  the  latter  case  as  in  the  former.  | 

The  working  stress  of  materials  jjcrmissible  in  machines  is 
based  on  the  above  facts.     The  breaking  strength  divided  by  a 
liberal  factor  of  safety  will  not  necessarily  give  a  desirable  work- 
ing  stress.    The  question  to  be  answered  is,  "  Will  the  assumed  . 
working  fibre  stress  permit  an  indefinite  number  of  applications  , 
of  the  load  without  fatiguing  the  material  ? " 

Hence  we  see  that  the  same  material  may  be  safely  used  under  , 
different  assumptions  of  working  stress.     For  example,  a  rotating 
shaft,  heavily  loaded  between  bearings,  acts  as  a  beam  which  in 
each  revolution  is  having  its  particles  subjected,  first  to  a  maxi- 
mum tensile  stress,  and  then  to  a  maximum  compressive  stress. 
This  is  obviously  a  very  different  stress  from  that  which  the  same  , 
piece  would  receive  if  it  were  a  pin  in  a  bridge  truss.     In  the 
former  wo  have  a  case  where  the  stress  on  each  particle  reverses  at 
each  revolution,  while  in  the  latter  wo  have  merely  the  same  stress  '< 
recurring  at  intervals,  but  never  becoming  of  the  opposite  char-  1 
acter.    For  ordinary  steel,  a  value  of  8,000  would  be  reasonable  in  1 
the  former  case,  while  in  the  latter  it  may  be  much  higher  with 
safety,  perhaps  nearly  double. 

From  the  facts  stated  above,  it  is  evident  that  exact  values  for 
working  fibre  stress  cannot  be  assumed  with  certainty  and  applied 
broadly  in  all  cases.  If  the  elastic  limit  of  the  material  is  defi- 
nitely known  we  can  base  our  working  value  quite  surely  on  that. 

With  but  a  general  knowledge  of  the  elastic  limit,  ordinary 
steel  is  good  for  from  12,000  to  15,000  pounds  per  square  inch 
non -reversing  stress,  and  8,000  to  10,000  reversing  sh-ess.  Cast 
iron  is  such  an  uncertain  metal  on  account  of  its  variable  structure 
that  stresses  are  always  kept  low,  say  from  3,000  to  4,000  for  non- 
reversing  stress,  and  1,500  to  2,500  for  reversing  stress. 

With  these  values  as  a  guide,  and  the  special  conditions  con- 
trolling each  case  carefully  studied,  reasonable  limits  may  be 
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assigned  for  \\-orking  stress,  not  only  of  steels,  varions  grades  of 
cast  iron,  and  liiixtures  of  tlie  same,  but  of  other  alloys,  brass, 
bronze,  etc.  Gun  metal,  semi-steel,  and  bronze  are  intermediate 
in  strength  between  cast  iron  and  steel.  Data  on  the  strength  of 
materials  are  available  in  any  of  the  handbooks,  and  should  be  con- 
sulted freely  by  the  student.  They  will  be  found  fomewhat  con- 
flicting, but  will  assist  the  judgment  in  coming  to  a  conclusion. 

Application  to  Practical  Case.  In  actual  practice  the  only 
information  which  the  designer  has,  upon  which  to  base  his  design, 
is  the  object  to  be  accomplished.  He  must  choose  or  originate 
suitable  devices,  develop  the  arrangement  of  the  parts,  make  his 
own  assumptions  regarding  the  operation  of  the  machine,  then 
Analyze  and  Theorize,  Modify  and  Delineate  each  detail  as 
he  meets  it. 

This,  it  will  be  found,  is  a  very  different  matter  from  taking 
some  familiar  piece  of  machinery,  such  as  a  pulley,  or  a  shaft,  or 
a  gear,  as  an  isolated  case,  the  load  being  definitely  given,  and 
proceeding  with  the  design.  This  is  easily  done,  but  is  only  half 
the  problem,  for  machine  parts,  such  as  pulleys,  gears,  and  shafts, 
do  not  confront  the  designer  tagged  or  labeled  with  the  conditions 
they  are  to  meet.  He  is  to  provide  parts  to  meet  the  specific  con- 
ditions,  and  it  is  as  much  a  part  of  his  designing  method  to  know 
how  to  attack  the  design  of  a  machine  as  it  is  to  know  how  to 
design  the  parts  in  detail  after  the  attack  has  reduced  the  members 
to  definitely  loaded  structures.  The  whole  process  must  be  gone 
through,  the  preliminary  sketches,  calculations,  and  layout,  all  of 
which  precede  the  detail  design  and  working  drawings;  and  no  step 
of  the  process  can  be  omitted. 

It  is  for  this  reason  that  the  present  case  used  for  illustration 
is  carried  out  quite  thoroughly.  The  student  should  make  himself 
familiar  with  every  step  of  the  designing  method  as  applied  to  this 
simple  case  of  design.  More  complex  problems,  handled  in  the 
same  way,  will  simplify  themselves;  and  when  the  point  is  reached 
where  confidence  exists  to  take  hold  of  the  design  of  any  machine, 
however  unfamiliar  its  object  may  be,  or  however  involved  its 
probable  detail  appears,  the  student  has  become  the  true  designer. 
It  is  the  knowing  how  to  attack  a  problem,  to  start  definite  work 
OD  it,  to  go  ahead  boldly,  confident  that  the  method  applied  will 
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jiroduce  rcsnltg,  that  giv^a  cominand  of  tlio  desi<zn  of  niaeliiiiLTy 
and  wins  oncineeriiif'  success. 


Tho  special  case  which   has   been  chosen  to  illustrate  the 
application  of  the  principles  stated  in  the  foregoing  pages  is  ideal, 
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in  that  it  does  not  represent  any  actual  machine  at  present  in 
operation.  Probably  builders  of  hoisting  machinery  have  devices 
which  would  improve  the  machine  as  shown.  In  detail,  as  well 
as  arrangement,  they  could  doubtless  make  criticism  as  manufac- 
turers. The  arrangement  as  shown  is  merely  intended  to  brincr 
out  in  simplest  form  the  common  elements  of  transmission  ma- 
chinery as  parts  of  some  definite  machine,  instead  of  as  isolated 
details.  The  design  is  one  entirely  possible,  practical,  and  me- 
chanical, but  special  attention  has  been  paid  to  simplicity  in  order 
to  enable  the  student  to  follow  the  method  closely,  for  the  method 
is  the  chief  thing  for  him  to  acquire. 

The  student  is  expected  to  refer  constantly  to  Part  II  for  a 
more  formal  and  general  discussion  of  the  simple  machine  ele- 
ments involved  in  the  case  considered.  Part  II  is  intended  to  be 
a  simplified  and  condensed  reference  book,  carried  out  in  accord- 
ance with  the  method  of  machine  design  as  specified  in  Part  I. 
The  student  should  not  wait  until  he  has  completed  the  study  of 
this  part  before  taking  up  Part  II,  for  the  latter  is  intended  for 
use  with  the  former  in  the  solution  of  the  problems. 

In  the  case  of  power  transmission  about  to  be  studied,  thf 
running,  conversational  method  employetl  assumes  that  the  student 
is  in  possession  of  the  matter  in  Part  II  on  the  subject  considered. 
Thus,  in  the  design  of  the  pulley,  reference  to  the  subject  of 
"  Pulleys  "  in  Part  II  is  necessary  to  follow  the  train  of  calcula- 
tion; in  designing  the  gear,  consult  "Gears;"  in  calculating  size 
of  shafts,  see  "  Shafts,"  etc.,  etc. 

Problem.  A  machine  is  to  be  designed  to  be  set  on  the  floor 
of  a  building  to  drive  a  wire  rope  falling  from  the  overhead 
sheaves  of  an  elevator  or  hoist.  Without  regard  to  details  of  this 
overhead  arrangement,  for  its  design  would  be  a  separate  problem, 
suppose  that  the  data  for  the  rope  are  as  follows: 

Load  on  rope 5,000  pounds. 

Speed  of  rope 150  feet  per  minute. 

Length  of  rope  to  be  reeled  in 200  feet. 

We  shall  further  assume  that  the  driving  power  is  to  be  an 
electric  motor  belted  to  the  machino,  that  the  required  speed 
reduction  can  be  satisfactorily  obtained  by  a  single  pair  of  pulleys 
and  one  pair  of  gears,  and  that  a  plain  band  brake  is  to  be  applied 
to  the  drum. 
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17itla  this  data  we  shall  proceed  to  work  out  the  detail  desigu 
of  tlio  machine. 

Preliminary  Sketch.  The  first  thing  to  do  is  to  sketch 
rouflily  the  proposfJ  arri.ngenicnt  of  the  machine. 

This  might  ajjpenr  like  Fig.  1  except  that  it  would  have  no 
dimensions  in  addition  to  the  data  given  above.  If  the  scheme 
seems  suitable,  the  next  step  is  to  make  such  preliminary  calcula- 
tions as  will  give  further  data,  exact  or  closely  approximate  sizes, 
to  be  put  at  once  on  the  sketch,  to  outline  the  future  design. 

Rope  and  Drum.  Referring  to  tables  of  strength  of  wire  rope 
(Kent's  Pocket  Book  gives  the  manufacturers'  list),  wo  find  that 
a  §-inch  cast-steel  rope  will  carry  5,000  pounds  safely,  and  that  the 
proper  size  of  drum   to  avoid 


excessive   bending  of   the  roj)e 

around  it  is  27  inches  diameter. 

Allowing  -J  inch  between  the 

coils  5S  the   rope  winds  on  the 

dnim,  the  pitch  of  coil  will  be 

3-  inch  as  shown  in  sketch,  I'ig. 

2.     The  length  of  one  complete 

.    „      27X3.141(; 
coil  is,  practically,  r:^ 


Kc^e 


200 


=7.07  feet.    To  provide  for  200  feet  will  retjuire  y-jjr=28  + coils. 

To  be  safe,  let  us  provide  for  30  coils,  for  which  a  length  of  drum 
(30  X  4)  +  4=23^  inches  is  required. 

The  space  for  brake  strap  may  be  assumed  at  5  inches,  and  the 
thickness  to  provide  necessary  strength  determined  later  in  the 
design.  The  frictional  surface  of  the  strap  may  be  of  basswcvl 
blocks,  say  1^  inches  thick,  screwed  to  the  metal  band.  The 
diameter  of  brake  surface  may  be  28  inches. 

Driving  Gears.  The  size  of  drum  gear  evidently  depends 
upon  the  method  of  fastening  to  the  drum,  and,  other  things  being 
ecpial,  should  be  kept  as  small  as  possible.  One  way  would  be  to 
key  the  gear  on  the  outside  of  the  drum,  another  to  bolt  the  gear 
to  the  end  of  the  drum.  The  latter  has  the  advantage  that  a 
standard    gear  pattern    can    be   used  with  the  slight   change  o£ 
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addition  of  belt  flange  on  the  arms,  'rius  makes  a  simple,  direct, 
and  stron<j  drive,  the  bolts  being  in  shear. 

Sketching  this  arrangement  as  the  preferred  one  (Fig.  2A),  it 
is  evident  that  the  diameter  of  the  gear  should  be  at  least  as  large 
as  the  drum  iu  order  to  keep  the  tooth  load  down  to  a  reasonable 
figure.  On  the  other  hand,  if  made  too  large,  it  spreads  out  the 
machine  and  destroys  its  compactness.  As  a  diameter  of  36 
inches  is  not  excessive,  let  us  assume  this,  and  see  if  a  desirable 
proportion  of  gear  tooth  can  be  found  to  carry  the  load. 

For  a  pitch  diameter  of  36  inches  there  will  be  a  theoretical 
5.000x21 


load  of 


36 


—  ==3,750  pounds  at  the  pitch  line.     But  the  load 


on  the  tooth  must  not  only  impart  a  pull  of  5,000  pounds  to  the 
rope,  but  must  overcome  friction  between  the  gwar  teeth  in  action, 
also  between  the  drum  shaft  and  its  bearings.  Assuming  the 
efficiency  between  the  rope  and  tooth  load  to  be  95  per  cent,  the 

net  load,  therefore,  which  the  tooth  must  take  is  '-^ —  =^  3,947,  eay 
'  '  .95  -^ 

4,000  pounds. 
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Aesuming  involute  teeth,  and  applying  tlie  "Lewis"  foiiuala. 
(Part  U,  "Gears"): 

W=«xpx/xy  W-4,000 

«= 6,000 
4,000=6,000  X  p  X  /  X  J16  j/=.116  (number  of  teeth 

assumed  at  75) 

P X/=  60^X^~^'  '""^^^  p=circular  pitch 

/=face  of  gear 
Let/=3p  (a  reasonable  proportion  for  machine-cut  teeth). 
l'hen3Xj:^=5.7 

p»=1.9 

p-y/ 1.8=1.378  inches 

The  diametral  pitch  corresponding  to  this  is 

3.1416  _go^ 

l.;378 

which  is  just  between  the  regular  standard  ])itches,  2  and  21,  for 

wliich  stock  cutters  are  niado.     To  bo  safe,  let  us  take  the  coarser 

pitch,  which  is  2,     The  circular  pitch  corresponding  to  this  is 

— =  1.57,  and  makinc  the  face  about  three  times  the  circular 

2  '  ° 

pitch  gives 

3  X  1.57  =  4.71,  say  4i  inches. 

The  number  of  teeth  in  the  gear  is  then  30  X  2  =  72, 
Referring  to  the  vahie  assumed  for  the  tooth  factor  in  calculation 
above,  it  is  seen  that  y  was  based  on  75  as  tlie  number  of  teeth, 
which  is  near  enough  to  72  to  avoid  the  necessity  of  further  check- 
ing the  result. 

The  pinion  to  mesh  with  this  gear  should  be  as  small  as  possi- 
ble in  order  to  get  a  high-speed  ratio  between  pinion  shaft  and 
drum,  otherwise  an  excessive  ratio  will  be  required  in  the  pulleys, 
making  the  large  one  of  inconvenient  size.  Small  pinions  have 
the  teeth  badly  undercut  and  therefore  weak,  13  teeth  being  the 
lowest  limit  usually  considered  desirable,  for  that  reason.  Choos- 
ing that  number,  we  have  a  pitch  diameter  of  -^=  6.5  in.,  which 

is  probably  ample  to  take  the  shaft  and  key,  and  still  leave  suf- 
ficient stock  under  the  tooth  for  strength.  If  made  of  east  iron, 
however,  the  pinion  teeth,  on  account  of  the  low  number,  will  be 
narrower  at  the  root  than  those  of  the  gear  of  72  teeth.     Yet  it 
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was  tipon  the  basis  of  the  latter  that  the  pitch  was  chosen,  for  it 
will  be  remembered  that  the  value  of  y  in  the  formula  was 
taken  at  .116.  Hence  the  pinion  will  be  weaker  than  the  gear 
unless  we  make  it  of  stronger  material  than  cast  iron,  of  which 
the  large  gear  is  supposed  to  be  made.  Steel  lends  itself  very 
readily  to  this  requirement;  and  in  practice,  pinions  of  less  than  20 
teeth  are  usually  made  of  this  material,  hence  we  shall  specify  the 
pinion  to  be  of  steel. 

Pulleys.  The  question  now  is  whether  or  not  we  can  get  a 
suitable  ratio  in  the  pulleys  without  making  the  large  one  of  incon- 
venient  size,  or  giving  the  motor  too  slow  speed  for  an  economical 
proportion. 

Suppose  we  limit  ourselves  to  a  diameter  of  42  inches  for  the 
large  pulley,  and  try  a  ratio  of  4  to  1 ;  this  will  give  a  diameter 
for  the  small  pulley  of  ^=10^  inches.    We  shall  then  have 


72 
Rev.  per  min.  of  drum  to  give  150  f.  p.  m.  of 


Total  ratio  between  drum  and  motor "TT^  4=—— =22.2 


-p^ Ti=^-2 

Rev.  per  min.  of  motor 22.2  X  21 .2=470 

150   y.  5000 
Horse-power  of  motor  at  80  per  cent  efficiency  ^^  ^^    — '—  =30 

33,000  X    .^0 

A  30  II.  P.  motor  running  470  r.  p.  m.  would  be  classed  as  a 
slow  speed  motor  and  would  be  a  heavier  machine  and  cost  mora 
than  one  of  higher  speed.  It  will  be  noticed,  however,  that  the 
diameter  of  the  small  pulley  is  already  quite  reduced,  and  it  is 
hardly  desirable  to  decrease  it  still  further.  Neither  can  v;e 
increase  the  large  pulley,  as  we  haro  already  set  the  limit  at  42 
inches.  Hence,  for  our  present  problem  we  cannot  improve  mat- 
ters much  without  increasing  the  size  of  the  large  gear,  which  is 
undesirable,  or  putting  in  another  pair  of  gears,  which  is  contrary 
to  the  conditions  of  the  problem.  As  such  a  motor  is  perfectly 
reasonable,  Ave  shall  assume  it  to  be  chosen  for  the  purpose. 

In  commercial  practice  it  would  be  well  to  pick  out  some 
standard  make  of  motor  of  the  required  horse-power,  note  the  speed 
as  specified  by  the  makers,  and  then,  if  possible,  suit  the  ratio  in 
the  machine  to  this  speed.  It  is  always  best  to  use  standard  ma- 
chinery, if  possible,  both  from  the  standpoint  of  first  cost,  as  well 
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as  ease  of  replacing  worn  parts.  Machinery  ordered  special  is 
exp-'nsive  in  first  cost  of  designing,  patterns,  and  tools,  and  extra 
span",  parts  for  emergency  orders  are  not  often  kept  on  hand. 

Tabulation  of  Torsional  Moments.  For  future  reference,  it  is 
desirable  at  this  point  to  tabulate  the  torsional  moment,  or  torque, 
about  each  of  the  three  shaft  axes,  assuming  reasonable  efficiencies 
for  the  various  parts,  as  follows: 

EflBciency  between  drum  and  gear  tooth 95  per  cent 

Efficiency  between  drum  and  pinion  stiaft 90  per  cent 

Efficiency  between  drum  and  motor  shaft .80  per  cent 

TABLE    OF  TORSIONAL  MOMENTS. 


Axis. 

Inch  Lbs.  Torque 
at  100  Per  Cent  Efficiency. 

Inch  Lbs.  Torque, 
Efficiency  as  Above. 

27 
5  000X — —67,500 

'''•^.,1,052 

Piniou 

Motor 

5,000X^X§ =12,187 

5,000X^2^^§X^=  3,047 

This  means  that  the  motor  develops  a  torque  of  3,S09  inch, 
pounds  delivering  to  pinion  shaft  13,541  inch-pounds,  and  to  drum 
71,052  inch-pounds. 

Width  of  Belt.  The  page  of  calculation  for  belt  width  is  repro- 
duced in  Fig.  3. 

The  calculation  as  given  is  strictly  scientific,  based  on  the 
working  strength  of  a  cemented  joint  (^=400  lbs.  per  square  inch). 
This  is  a  favorable  situation  for  the  use  of  a  cemented  joint,  be- 
cause it  is  easy  to  provide  means  of  adjusting  the  belt  tension  by 
placing  the  motor  on  a  sliding  base.  Otherwise  a  laced  joint  could 
be  used,  requiring  relacing  when  the  belt  slackens  through  its 
stretch  in  service.  Under  the  assumption  that  a  double  laced  belt 
is  used,  the  empirical  formula  below  is  one  often  applied: 
wXV     M)X  1,300 


H.  P. 


This  gives  ?«= 


540 
540x30 
1,300 


540 


=30 


=12--4  inches  (say  12  inches). 


It  should  be  remembered  that  this  value  is  purely  empirical; 
it  applies  to  a  laced  joint,  and  could  not  be  expected'to  check  the 
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value  cf  9  inches  obtained  by  the  first  compntation  for  a  cemented 
joint.  It  is  fairly  in  proportion.  For  the  qnite  definite  service 
required  of  the  belt  in  the  present  case,  the  width  of  9  inches  is 
doubtless  sufficient,  considering  the  cemented  joint. 

Len^h  of  Bearings.  Considerable  latitude  in  choice  of  length 
of  bearings  is  permissible,  especially  in  such  slow-speed  machinery. 
There  is  probably  little  danger  from  heating,  and  the  question  then 
becomes  one  of  wear.  It  is  better  in  such  cases  as  the  one  in  ques- 
tion, to  choose  boldly  a  length  which  seems  to  be  reasonable  and 
proceed  with  the  design  on  that  basis,  even  if  the  length  be  later 
found  out  of  proportion  to  the  shaft  diameter,  than  to  waste  too 
much  time  in  the  preliminary  calculation  over  the  exact  determina- 
tion of  this  question.  Probably  in  most  cases  of  commercial  prac- 
tice the  existence  of  patterns,  or  some  other  practical  consideration, 
will  decide  the  limits  of  length. 

In  the  present  instance  it  seems  reasonable  that  a  length  of 
6  inches  would  fill  the  requirement  for  the  worst  case,  that  of  the 
drum  shaft,  and  it  is  obvious  that  the  bearings  for  the  pinion  shaft 
would  naturally  bo  of  the  same  length  on  account  of  being  cast  on 
the  same  bracket,  and  faced  at  the  same  setting  of  the  planer  tool. 

Height  of  Centers.  The  large  pulley  should  naturally  swing 
clear  of  the  floor.  This  will  require,  say,  a  total  height  of  23 
inches,  out  which  we  may  take  4  inches  for  the  base,  leaving  19 
inches  as  the  height,  center  of  bearing  to  base  of  bracket. 

Data  on  Sketch.  Tlie  data  as  found  above  should  now  be  put 
OP  the  sketch  previously  made;  it  will  then  have  the  appearance 
shown  in  Fig.  1. 

This  sketch  is  now  in  form  to  control  all  the  subsequent  detail 
design,  and  it  is  expected  that  the  figured  dimensions  as  shown  can 
be  maintained.  It  is  impossible  to  predict  this  with  positiveness, 
however,  as  in  the  working  out  of  the  minor  details  certain  chano'es 
may  be  found  desirable,  when,  of  course,  they  should  be  made. 

The  shaft  sizes  do  not  appear  on  this  sketch,  hence  before 
proceeding  further  the  several  shaft  diameters  must  be  calculated. 

Sizes  of  Shafts.  The  calculations  of  the  shaft  diameters  are 
good  instances  of  systematic  engineering  computations,  hence  thej 
are  reproduced  in  the  exact  form  in  which  they  were  made.  Tht 
student  sbouKi  learn  a  valuable  lesson  in  making  and  recording 


230 


MACHINE  DESIGN 


8S 


calculations  by  following  tbese  carefully.  Note  that  eacb  set  of 
fiiTures  is  independent,  both  in  the  statement  of  given  data,  as  weli 
as  in  the  aefual  computation.  Observe  how  easy  it  would  be  for 
the  author  of  these  figures  or  anyone  else  to  check  them  even  after 


Sj^uUJuUL  ^6^6*^g^ey  tA>-»-g-.  /Ttcuffi-/^  OS 
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Fig.  4- 


a  long  lapse  of  time.  If  the  machine  should  unexpectedly  fail  in 
service  the  figures  are  always  available  to  prove  or  disprove  theor- 
etical weakness.  The  right  triangles  merely  indicate  that  the 
value  of  \/W-\'Y'  was  found  by  the  graphical  method  suggested  in 
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Part  II,  "Shafts,"  the  figures  being  put  on  the  triangle  as  a  sim- 
ple and  direct  way  of  recording  both  process  and  result. 

Attention  is  especially  called  to  tho  fact  that  in  the  pinion 
shaft  the  size  is  changed  for  each  piece  upon  the  shaft.     This  is 

'  i    %-. ^-'^^^ 


B^/^73»S=72>GS 
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7365 
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done  partly  because  it  is  desired  to  show  tl  9  student  that  the  shaft 
at  each  of  these  points  should  be  theoret  ically  of  different  size. 
It  is  also  done  because  as  a  practical  feature  of  construction  it  is  a 
good  plan  to  change  the  size  when  the  fit  changes,  partly  for  rea- 
sonp  of  production  in  the  shop,  partly  for  ease  in  slipping  pieces 
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freely  endwise  on  tlie  shaft  until  they  reach  their  proper  lit  and 
location  in  the  assembling  of  the  machine. 

This  should  not  be  taken  as  an  absolute  requirement  in  any 
sense.  A  straight  shaft  would  be  satisfactory  in  the  present  case; 
but  the  shouldered  shaft  is  a  little  better  construction,  in  a  mechan- 
ical sense,  and  does  not  cost  much  more.  Hence  it  is  used.  For 
the  drum  the  straight  shaft  seems  to  answer  the  requirement  well 
enough. 

3ca^ti<^  'yju^'ti  £ayr^  -^aJMj^.         JKoa^  Sli  -ol 
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Fig.  6. 

Small  Pulley  Bore.     Fig  4. 

Large  Pulley  Bore.     Fig.  5. 

Bearing  Next  to  Large  Pulley.     Fig.  6. 

The  diameter,  2}  J,  as  calculated,  is  based  on  the  supposition 
that  the  greatest  bending  moment  is  caused  by  the  belt  pull  on  the 
overhanging  pulley,  that  is,  by  the  forces  existing  at  the  left-hand 
sirjp  cf  the  center  of  the  bearinor. 
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Eut  tlie  pinion  tooth  load  prodweos  a  lieavy  beiidiiig'on  thp. 
shaft  ill  tlio  bearing,  the  sliaft  in  this  t-aau  acting  as  a  beam  sup- 
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Fig.  7.  .' 

ported  at  the  two  bearings  and  having  the  tooth  load  applied  as 
shown,     if  this  latter  effect  be  greater  than  the  former^  ihat  13,  if 
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tlie  bending  moment  produced  by  the  ])inion  tooth  load  be  greater 
than  he  bending  moment  jiroduced  by  the  belt  pull,  then  the  diam- 
eter  tiiist  be  increased  to  satisfy  the  latter  case.  As  is  seen  by 
the  second  calculation  of  Fig.  0,  this  is  not  the  case,  and  the  diam- 
eter stands  at  2  J  J  as  made. 

Pinion  Bore.  Fig.  7.  The  pinion  being  a  driving  fit  upon 
the  shaft,  reinforces  the  shaft  to  such  an  extent  that  it  is  hardly 
possible  for  the  shaft  to  break  off  very  far  inside  the  face  of  the 
pinion;  but  it  is  quite  possible  that  the  metal  of  the  pinion  may 
give  enough,  or  be  a  little  free  at  the  ends  of  the  hole,  so  that  the 
shaft  may  be  broken  oiT,  say  i  inch  inside  the  face.  In  this  case, 
it  may  fail  from  the  moment  of  the  force  at  the  left-hand  bearing 
or  of  that  at  the  right.  It  may  fail  then  at  (a)  or  (b),  depending 
on  which  section  has  the  greater  bending  moment.  Ti-vinf  both, 
it  is  seen  by  the  calculation  that  the  right-hand  moment  is  the 
controlling  one,  and  it,  therefore,  is  used. 

Shaft  Outside  of  Pinion.  Fig.  8.  As  there  is  no  power 
transmitted  through  this  portion  of  the  shaft,  there  is  no  torsional 
moment  in  it,  and  the  bending  moment  remains  practically  the 
same  as  inside  the  j)inion. 

The  size  figures  about  2l|,  but  since  there  is  no  use  in  turn- 
ing off  material  just  to  reduce  the  size  to  this,  it  is  well  to  make 
it  2a,  or  just  smaller  than  the  fit  iu  the  pinion. 

Pinion  Shaft  Outer  Bearing.  Fig.  8.  This  diameter,  of 
course,  figures  small,  as  there  is  no  torsion  in  it,  and  the  bendino- 
moment  is  not  heavy.  The  practical  question  comes  in,  however, 
whether  it  is  advisable  to  make  the  outer  bi-aeket  different  from 
the  inner  one  just  on  account  of  this  bearing.  The  commercial 
answer  to  this  would  probably  be  "  No,"  hence  the  size  r.s  figured 
next  to  the  pinion  will  be  maintained  (2|J). 

Drum  Shaft.  Fig.  9.  In  this  case,  as. previously  inferred, 
the  simplest  thing  to  do  is  to  use  a  piece  of  straight  cold-rolled 
steel,  and  make  both  bearings  alike,  the  size  beincr  determined 
according  to  the  worst  case  of  loading  which  can  occur  as  the 
rope  travels  from  end  to  end  of  the  .ium.  This  case  is  evi- 
dently wLen  the  rope  is  at  the  end  of  its  travel  close  to  the  brake, 
for  at  liial  time  both  the  load  on  the  rope  and  the  load  on  the  pinion 
tooth  which   is  driving  it  are  exerted  upward,  and  produce  the 
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greatest  reaction  at  the  bearing  next  to  the  gear.     Tlie  analysis  of 
the  forces  for  this  condition  is  shown  in  Fig.  9. 

Other  conditions  of  loading  ■would  bo  when  the  brake  is  on 
and  the  tooth  load  relieved,  but  then  the  resultant  of  the  brake 
strap  tensions  would  he  diagonally  downward  and  would  reduce 

/O.2. 
af^=    /&93  7  ^  /a.-2.  , ,    , 
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Fig.  8. 
rather  than  add  to  the  ro|)e  load.  Again,  when  the  rope  is  at 
the  end  of  the  drum  farthest  from  the  gear,  the  load  on  it  and 
the  load  on  the  pinion  tooth  are  both  exerted  upward  as  before,  but 
the  reaction  cannot  be  ab  jreat  as  in  the  case  of  Fig.  9,  because  the 
tooth  load  is  still  concentrated  at  the  other  end  of  the  shaft  and 
produces  a  relatively  small  reaction  at  the  rope  end- 
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Preliminary  Layout.  Fig.  10.  Proceeding  now  with  the  lay. 
out  to  scuk',  the  detail  of  the  parts  may  bo  worked  out  as  com- 
pletely as  the  scale  of  the  drawing  will  permit.  The  Mork  on  this 
drawing  maybe  of  au  unfinished,  sketchy  nature,  but  the  measure- 
ments must  be  exact  as  far  as  they  go,  for  this  drawing  is  to  serve 
as  the  reference  sheet,  from  which  all  future  detail  is  to  be  worked  up. 

In  this  layout  may  be  worked  out  the  sizes  of  the  arms  and 
hubs  of  pulleys  and  gears,  the  proportions  of  the  drum  and  brake 
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strap,  and  the  general  dimensions  of  the  side  brackets  and  the 
base.  When  the  detail  becomes  too  fine  to  work  out  to  advan- 
tage on  this  drawing  it  may  be  worked  out  full  size  by  a  separate 
sketch,  or  left  to  be  finished  when  it  is  i-egularly  detailed.  The 
preliminary  layout,  it  should  be  remembered,  is  a  service  sheet 
only,  a  means  of  carrying  along  the  design,  and   not  intended   for 
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a  finished  drawing.  The  moment  that  the  free  nse  of  the  layout 
is  impaired  by  trying  to  make  too  much  of  a  drawing  of  it,  its 
vahie  is  largely  lost.  A  designer  must  have  some  place  to  try  out 
his  schemes  and  devices,  and  the  layout  drawing  is  the  place  to  do 
it.  This  drawing  may  be  recurred  to  at  intervals  in  the  progress 
of  the  design,  details  being  filled  in  as  they  are  worked  out,  as 
they  may  control  the  design  of  adjacent  parts. 

As  the  discussion  of  the  design  of  each  of  the  members 
involved  in  the  present  problem  can  be  better  taken  up  in  con- 
nection with  the  detail  drawing  of  each,  it  will  be  given  there, 
rather  than  in  connection  with  the  layout,  although  many  of  the 
proportions  thus  discussed  could  be  worked  out  directly  from  the 
latter. 

Pulleys.  Fig.  11.  The  analysis  of  the  forces  in  the  belt 
gives,  according  to  the  calculation  of  Fig.  3,  a  tension  in  the  tight 
side  of  1,059  pounds,  and  in  the  slack  side  414  pounds.  The 
difference  of  these,  or  1,059 — 414=6-45  pounds,  is  transmitted  to 
the  pulley  and  produces  the  torque  in  the  shaft.  Of  course  in 
the  small  pulley  the  torque  is  transmitted  from  the  motor  through 
the  pulley  to  the  belt,  but  both  cases  are  the  same  as  far  as  the 
loading  of  the  pulleys  is  concerned. 

The  only  other  force  theoretically  acting  is  the  centrifugal 
force  due  to  the  speed  of  the  pulley.  This  produces  tension  iu 
the  rim  and  arms,  but  for  the  low  value  of  1,300  feet  per  minute 
peripheral  velocity  in  this  case  may  be  disregarded. 

Considering  the  arms  as  beams  loaded  at  the  ends,  and  that 
one-half  the  whole  number  of  arms  take  the  load,  and  for  con. 
venience,  figuring  the  size  of  the  arms  at  the  center  of  the  pulley 
gives  the  following  calculation  for  the  large  pulley: 

^X21=^^=.0393X2,500XA»  Let     S=2,500 


"       fc=breadth  of  oval 
h»=  *''^^^.=46  "    .47i=tliicknessofoval 


4,515 


lk=l/l6=3.6  (say  3.5) 

.4h=.ix5  5=1.4  (say  17.16) 

This  is  about  all  the  theoretical  figuring  necessary  on  this 

pulley.    The  rim  is  made  as  thin  as  experience  judges  it  capable 

of  being  cast;  the  arms  are  tapered  to  suit  the  eye,  thus  giving 

iiiuple  fastening  to  the  rim  to  provide  against  shearing  off  the  run 
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from  the  arms;  generous  fillets  join  the  arms  to  both  rim  and  hub; 

nud  the  hub  is  given   thickness   to  carry  the  key,  and    length 

enough  to  prevent   tendency  to  rock  on    the  shaft.     Uncertain 

strains  due  to  unequal  cooling  in  the  foundry  mold  may  be  set  up 

in  the  arms  and  rim,  but  with  careful  pouring  of  the  metal  they 

should  not  be  serious,  and  the  low  value  chosen  for  the  fibre  stress 

allows  considerable  margin  for  strength. 

The  small  pulley  has  the  same  forces  to  withstand  as  the 

large  pulley,  but  on  account  of  its  small  dianu^ter  there  is  not 

room  enough  for  arms  between  the  rim  and  the  hub,  hence  it  is 

made  with  a  web.     The  web  cannot  be  given  any  bending  by  the 

belt  ]>ull,  the  only  tendency  which  exists  in  this  case  being  a 

shearing  where  the  web  joins  the  hub.     This  shearing  also  exists 

throughout  the  web  as  well,  but  at  other  points  farther  from  the 

center  it  is  of  less  magnitude,  and  moreover,  there  is  more  area  of 

metal  to  take  it.     The  natural  way  to  proportion  the  thickness  of 

ineweb  is  to  give  it  an  intermediate  thickness  between  that  of  the 

hub  and  rim,  thus  securing  uniform  cooling,  and  then  figure  the 

stress  as  a  check.     Making  this  value  §  inch  gives  a  shearing  area 

of  g  multiplied  by  the  circumference  of  the  hub,  which  is  3.1^10 

645  X  5  25 
X  4  =  12.56.     The  shearing  force  at  the  hub  is ^— ^ —  =  1,693 

pounds.     Equating  the  external  force  to  the  internal  resistance 
1,693  =  |X  12.56x8 

S  =  ~..\.)  -p  =  154  pounds  per  square  inch  (approx.). 

This  is  a  very,  low  figure,  even  for  cast  iron,  hence  the  web  is 
amply  strong.  The  rim  and  hiib  are  proportioned  as  for  the  large 
pulley. 

The  keys  are  taken  from  the  standard  list.  They  may  be 
checked  for  shear,  crushing  in  the  hub,  and  crushing  in  the  shaft, 
but  the  hubs  are  so  long  that  it  is  at  once  evident  without  fio-urintr 

o  no 

that  the  stress  would  run  very  low  in  both  cases. 

Gears.  Fig.  12.  The  analysis  of  the  forces  acting  on  the 
gears  has  been  given  on  page  28,  4,000  pounds  being  taken  at  the 
pitch  line.  Using  this  same  value,  and  choosing,  a  T-shaped 
arm  as  a  good  form  for  a  heavily  loaded  gear  like  the  present  one, 
let  us  consider  that  the  rira  is  stifj  enough  to  distribute  the  load 
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equally  between  all  the  arms,  and  that  each  acts  as  a  beam  loaded 

at  the  end  with  its  proportion  of  the  tooth  load.     Before  we  can 

determine  the  length  of  these  arms,  however,  we  must  fix  upon  the 

size  of  the  flange  which  is  to  carry  the  driving  bolts.     This  is  taken 

at  13  inches.     It  could  be  smaller  if  desired,  but  drawing  the  bolts 

in  toward  the  center  increases  the  load  on  them,  and  13  inches 

seems  reasonable  until  it  is  proved  otherwise.     This  makes    the 

4,000x11.5     „„„„ 

maximum  moment  which  can  come  on  an  arm -; =7,066 

b  ' 

inch-pounds. 

Now  it  is  evident  that  the  base  of  the  T  arm  section,  which 
lies  in  the  plane  of  rotation,  is  most  effective  for  driving,  and 
that  the  center  leg  of  the  T  does  not  add  much  to  the  drivincr 
capacity  of  the  arm,  although  it  increases  the  lateral  stiffness  of 
the  arm,  as  well  as  providing  in  casting  a  free  flow  of  metal  between 
the  rim  and  the  hub.  Hence  the  simplest  way  of  treating  the  sec- 
tion of  the  arm  for  strength  is  to  consider  the  base  of  the  T 
only,  of  rectangular  section,  breadth  I,  and  depth  A,   for  which 

the  internal  moment  of  resistance  is  ^ '■ 

-O 

Also,  it  is  simplest  to  assume  one  dimension,  say  the  breadth, 
and  the  allowable  fibre  stress,  and  figure  for  the  depth.  Taking 
the  breadth  at  IJ  inches,  which  looks  about  right,  and  the  fibre 
stress  at  2,500,  and  equating  the  external  moment  to  the  internal, 
we  have 

^^ggg^2,500x|125><A^ 

6X7,666 
^  "2,500X1.125^      •* 
h  =  i/TO  =  4.05  (say  41) 
Drawing  in  this  size,  and  tapering  the  arm  to  the  rim  as  in 
the  case  of  the  pulleys,  making  the  depth  of  the  rim  according  to 
the  suggested  proportions  given  in  Part  II,  "  Gears,"  giving  the 
center  leg  of  the  T  a  thickness  of  J  inch  tapering  to  1  inch,  and 
heavily  filleting  the  arms  to  the  rim  and  center  flange,  we  have  a 
fairly  well  proportioned  gear. 

The.  next  thing  to  determine  is  the  size  of  the  driving  bolts. 
The  circle  upon  which  their  centers  lie  may  be  11  inches  in  diam- 
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eter,  and  there  will  naturally  be  six  bolts,  one  between  each  arm. 

These  bolts  are  in  pure  shear,  and  the  material  of  which  they  are 

to  be  made  ought  to  be  good  for  at  least  8,0Q0  pounds  per  square 

inch  fibre  stress.     The  force  acting  at  the  circumference  of  an 

4.000x18 
11-inch  circle  would  be  -^ — — — -=13,091  pounds. 

Equating  the  load  on  each  bolt  to  the  resisting  shear  gives 

13.091    „  ,y^^  .     8,0OOx3.1410xcP      Let  A=area  resisting  shear. 
_»,UUUXA-  -  Let  (/=dia.  of  bolt. 


IT  di 


4X13.091 
6X8,000X3.1416" 


Then  A-    , 
4 


d=  v/.3o  (say  .6)     Jg-inch  bolts  would  do. 

But  |-inch  bolts  are  pretty  small  to  use  in  connection  with  such 

heavy  machir.ery.     They  look  out  of  proportion  to  the  adjacent 

parts.     Hence  ^-inch  bolts  have  been  substituted  as  being  better 

suited  to  the  place  in  spite  of  the  fact  that  theoretically  they  are 

larger  than  necessary.     The  extra  cost  is  a  small  matter.     These 

bolts  may  crush  in  the  flange  as  well  as  shear  off,  but  as  there  is 

13  091 
an  area  of  |X  If  =  1.422  square  inches   to  take — '-rr—  =2,182 

pounds,  the  pressure  per  square  inch  of  projected  area  is  only 

2.1S2 

-j-7n^=l,534  pounds,  which  is  very  low. 

This  gear  needs  no  key  to  the  shaft  because  all  the  power 
comes  down  the  arms  and  passes  off  to  the  drum  through  the  bolts, 
thus  piitting  no  torsional  stress  in  the  shaft.  The  face  of  the 
flange  is  counterbored  so  as  to  center  the  gear  upon  the  drum, 
without  relying  upon  the  fit  of  the  gear  upon,  the  shaft  to  do  this. 

The  pinion  is  solid  and  needs  no  discussion  for  its  design. 

Brackets  and  Caps.  Fig.  13.  As  the  size  of  the  drum  shaft 
was  determined  by  considering  the  rope  wound  close  up  to  the 
brake,  thus  giving  in  combination  with  the  load  on  the  gear  tooth 
the  maximum  reaction  at  the  bearing  as  6,74S  pounds,  the  cap  and 
bolts  should  be  designed  to  carry  the  same  load. 

For  a  bearing  but  0  inches  long,  two  bolts  are  suflicient  under 
ordinary  conditions  and  might  perhaps  do  for  this  case.  The  load 
is  pretty  heavv,  however,  and  it  is  deemed  wise  to  provide  four 
bolts,  thus  securing  extra  rigidity,  and  permitting  the  use  of  bolts 
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of  comparatively  small  size.  If  the  load  were  distributed  equally 
over  all  the  bolts  eacli  would  take  one-fourth  of  tho  whole  load^ 
but  it  is  not  usually  safe  to  figure  them  on  this  basis,  because  it 
is  difficult  to  guarantee  that  each  bolt  will  receive  its  exact  share 
of  stress.  Assuming  that  the  two  bolts  on  one  side  take  |  the 
whole  load  instead  of  i,  which  provides  for  this  uncertain  extra 
stress,  each  bolt  must  take  care  of  -J  of  0,748,  or  2,249,  pounds. 
Allowing  8,000  pounds  per  square  inch  fibre  stress  calls  for  an 

2,249 
area  at  the  root  of  the  thread  of  ftttptk  =  .281   square  inch.     Con- 
sulting a  table  of  bolts  wo  find  that  the  next  standard  size  of  bolt 
greater  than  this  is  ^,  whichgives  an  area  of  .302  square    inch. 

Choosing  this  size  as  satisfactory,  the  bolts  should  be  located 
as  close  to  the  shaft  as  will  permit  the  hole  to  be  drilled  and  ta])ped 
witnout  breaking  out.  A  center  distance  of  oh  inches  accomplishes 
this  result.  The  distance  between  centers  in  the  other  direction 
is  somewhat  arbitrary,  although  the  theoretical  distance  between 
the  bolt  and  tlie  end  of  the  bearing  to  give  equal  bending  moment 
at  the  center  of  the  cap  and  at  the  line  of  the  bolts  is  about  -^'^  of 
the  length,  or  j*^^  of  6  =  1^  inches.  This  proportion  answers 
well  for  the  present  case,  although  for  long  caps  it  brings  the 
bolts  too  far  in  to  look  well. 

The  thickness  of  the  cap  may  be  determined  by  assuming  it 
to  be  a  beam  supported  at  the  bolts  and  loaded  at  the  middle. 
This  is  not  strictly  true,'  for  the  load  is  distributed  over  at  least  a 
portion  of  the  shaft  diameter;  moreover,  the  bolts  to  some  extent 
make  the  beam  fixed  at  the  ends.  It  being  impossible  to  determine 
the  exact  nature  of  the  loading,  we  may  take  it  as  stated,  supported 
at  the  ends  and  loaded  in  the  middle,  and  allow  a  higher  fibre 
stress  than  usual,  say  3,500.  The  longitudinal  section  at  the 
middle  of  the  cap  is  rectangular,  of  breadth  6  inches,  and  depth 
unknown,  say  7i.     The  equation  of  moments  is 

^Wxi  ^^><I  ^SxMl 

4  e  6 

6,748  X  5.5  _  3,500  X  6  X  A' 
4  6 

6X6,748X5.5  _ 
^'  -     4^^3,500X6    -  '^■^^ 
h  =  l/2.b5=l.G2  (1^  will  probably  answer) 
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For  the  other  bearing  next  to  the  pinion,  the  load  on  the  tooth 
acts  downwat-d,  and  the  resultant  pull  of  the  belt  ia  nearly  hori- 
zontal, hence  the  cap  and  bolts  mnst  stand  but  little  load,  and 
calculation  would  give  minute  values.  In  a  case  like  this  it  is 
well  to  make  the  size  the  same  as  for  the  larger  bearing,  unless 
the  construction  becomes  very  clumsy  thereby.  This  saves  chang- 
iiigdrills  and  taps  in  making  the  holes,  and  preserves  the  symmetry 
of  the  bracket.  The  ^-inch  bolts  are  good  proportion  for  the 
smaller  bearing,  hence  that  size  will  be  maintained  tliroughi)ut. 

The  body  of  the  bracket  is  conveniently  made  with  the  web  at 
the  side  and  horizontal  ribs  extending  to  the  outside.  The  load  due 
to  the  rope  is  carried  directly  down  the  side  ribs  and  web  into 
the  bottom  Hanges  and  to  the  bolts.  The  analysis  of  the  forces 
on  these  bolts  is  shown  in  Fig.  11.  It  is  evident  from  the  fi<rure 
that  the  resultant  belt  pull  tends  to  hold  the  bracket  down,  while 
the  load  on  the  rope  tends  to  pull  it  up,  the  point  about  which  it 
tends  to  rotate  being  the  corner  furthest  from  the  drum.  It  is  also 
evident  thac  the  bolts  nearest  this  corner  can  have  little  effect  on 
the  holding  down,  because  their  leverage  is  so  small  about  the  cor- 
ner, hence  we  shall  assume  that  the  pair  of  bolts  at  the  right-hand 
end  of  the  bracket  takes  all  the  load.  The  belt  pull,  being  hori- 
zontal, tends  to  slide  the  bracket  along  the  base,  but  this  tendency 
is  small,  and  at  any  rate  is  easily  taken  care  of  by  the  two  dowel 
pins,  which  are  thus  put  in  shear. 

The  load  on  the  bolts  being  4,05J:  pounds,  a  heavy  bending 
moment  is  thrown  on  the  flange  of  the  bracket,  tending  to  break 
it  off  at  the  root  of  the  fillet.  The  distance  to  the  root  of  the  fillet 
is  3-  inch;  the  section  tending  to  break  is  rectangular,  of  breadth 
5 J  inches,  and  unknown  depth  /;.  The  equation  of  moments  is 
w     ;       Svl       SxlX/r 

4,954X3      2,500  X  5.5  X  A' 
4       ~  6 

„       6X4,954X3  _ 
''  -4X2,500X5.5-^-^'^ 
A=l/rG2  =  1.3(sayli). 
The  thickness  of  the  web  and  ribs  of  this  bracket  is  hardly 
capable  of  calculation.     The  figure  |  inch  has  been  chosen  in  pro- 
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portion  to  the  size  of  the  largo  drum  bearing,  giving  ample  stiff- 
ness and  rigidity,  and  permitting  uniform  flow  and  cooling  of  the 
metal  in  the  mold.  The  ojiening  in  the  center  is  made  merely  to 
save  material,  as  in  that  part  little  stress  would  exist,  the  two  sides 


1^>\^ouckjCt  ■4-eU^-^*t^6 


3-5- tqb^ 


fJ^SI 


Scrcrox  4^3^=  37|*W  +  \iVTh^\^ 
3-  7.  5r  "7  ^ 

2. 

"""^^  Fig.  11. 

carrying  the  load  down  to  the  base  bolts,  and  the  top  serving  as  a 
tie  between  the  bearings. 

This  bracket  might  be  made  with  the  web  in  the  center  of  the 
Iwarings  instead  of  at  the  side,  in  which  case  the  expense  of  the 
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pattern  would  be  slightly  greater.  It  could  also  be  made  of  closed 
box  form,  but  would  in  that  case  probably  weigh  more  than  as 
shown. 

Drum  and  Brake.  Fig.  15.  The  analysis  of  the  forces  acting 
on  the  drum  is  simple,  but  its  theoretical  design  is  more  compli- 
cated. It  is  evident  that  the  drum  acts  as  a  beam  of  hollow  circular 
cross  section,  and  that  its  worst  case  of  loading  is  when  the  rope  is 
at  or  near  the  middle  of  the  drum  length.  At  the  same  time  the 
metal  of  this  circular  cross  section  is  in  a  state  of  torsion  between 
the  free  end  of  the  rope  and  the  driving  gear,  due  to  the  load  on 
the  gear  tooth  and  the  reaction  of  the  rope..  Also  the  wrappintr  of 
the  rope  around  the  drum  tends  to  crush  the  metal  of  the 
section  beneath  it,  the  maximum  effect  of  this  action  being  near 
the  free  end  of  the  rope  where  its  tension  has  not  been  reduced  by 
friction  on  the  drum  surface. 

Now  the  "  mechanics  "  to  solve  the  problem  of  these  three 
combined  actions  is  rather  complicated.  It  can  be  at  least  approx- 
imately solved,  however,  for  it  satisfies  fairly  well  the  case  of 
combined  compression  and  shear.  But  on  a  further  study  of  this 
particular  case,  it  is  seen  at  once  that  the  diameter  of  the  drum  is 
relatively  large  with  respect  to  its  length,  which  means  that  the 
thickness  of  the  metal  may  be  very  small  and  yet  give  a  large 
resisting  area,  or  value  of  "  I,"  both  in  direct  bending  as  well  as 
torsioa;  also  it  is  so  short  that  the  external  bending  moment  will 
be  small.  The  practical  condition  now  comes  in,  that  the  drum 
can  be  safely  cast  only  when  the  thickness  of  the  metal  is  at  a 
minimum  limit,  for  the  core  may  be  out  of  round,  not  set  centrally, 
or  by  some  other  variation  produce  thin  spots  or  even  develop  holes 
reaching  out  into  the  rope  groove,  discovered  only  when  the  latter 
is  turned  in  the  lathe. 

Hence  it  seems  reasonable  and  safe  in  this  case  to  make  the 
thickness  of  the  drum  depend  simply  upon  the  crushing  caused  by 
the  wrapping  of  the  rope  around  it,  and  we  shall  take  the  coil 
nearest  the  free  end  of  the  rope,  assuming  that  it  carries  the  full 
load  of  5,000  pounds  throughout  one  complete  wrap  around  the 
drum. 

The  area  resisting  the  crushing  action  may  be  considered  to 
lie  that  of  the  cross  section  of  a  ring,  of  width  equal  to  the  pitch 
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of  the  groove.     Assuming  that  ^  inch  is  tlie  least  thickness  which 

can  be  safely  allowed  under  the  groove  for  casting  purposes,  lot 

us  figure  the  crushing  fibre  stress  to  see  if  this  is  sutHciently 

strong.     Disregarding  the  small  amount  of  metal  existing  above 

the  bottom  of  the  groove,  this  gives  the  area  to  resist  the  crushing 

6x3=  '^'  *^'"  •'^~  J"^^-     Since  there  are  two  of  fhese  sections  and 

the  rope  acts  on  both  sides,  the  e(]uation  of  forces  is: 

5,000x2  =  SX.47X2 

„      5,000X2  . 

S  =: — -T- — n    =  10620  pounds  per  square  iiicli. 

This,  for  cast  iron,  in  pure  crushing,  allows  plenty  of  margin 
for  the  extra  bending  and  torsional  stress,  which  for  such  a  con- 
siderable thickness  would  be  slight. 

The  above  case  indicates  a  method  of  reasoning  much  used  in 
desifning  machinery,  which  while  following  out  the  specified 
routine  of  thought  as  previously  given  in  these  pages,  stops  short 
of  elaborate  and  minute  theoretical  calculation  when  such  is  obvi- 
ously unnecessary.  If  a  drum  of  great  length  were  to  be  designed, 
and  of  small  diameter,  the  same  method  of  reasoning  would  deduce 
the  fact  that  the  design  should  be  based  on  the  bending  and  the 
torsional  moments,  the  thickness  in  such  a  case  b-eing  so  greai  to 
withstand  these  that  the  intensity  of  the  crushing  due  to  wrap  of 
the  rope  becomes  of  inappreciable  value. 

The  remaining  points  of  design  of  the  drum  are  determined 
from  practical  considerations  and  judgment  of  appearance.  The 
ribs  behind  the  arms  are  put  in  to  give  lateral  stiffness  and  guard 
against  endwise  collapse.  The  arms  are  subject  to  the  same  bend- 
ing as  those  of  the  gear,  but  as  they  are  equally  heavy  it  is  not 
necessary  to  calculate  them.  The  flange  at  the  driving  end  is  of 
course  matched  to  that  already  designed  for  the  gear.  The  rope 
is  intended  to  be  brought  through  the  right-hand  end  with  an 
easy  bend  and  the  standard  form  of  button  wedged  on  to  prevent 
its  pulling  through. 

This  drum  would  probably  be  cast  with  its  axis  vertical,  and 
the  driving  flange  down  to  secure  sound  metal  at  that  point. 
Heavy  risers  would  be  left  at  the  other  end  to  secure  soundness 
where  the  rope  is  fastened.  Drums  are  often  cast  with  the  axis 
horizontal,  but  the  vertical  method  is  more  certain  to  produce 
a  sound   casting.       The  grooves   should   be   turned    from    th^ 
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solid  metal,  partly  because  it  is  a  difficult  matter  to  cast  them,  but 
principally  because  the  rope  should  run  on  as  smooth  surface  as 
possible  to  avoid  uudue  wear.  On  drums  which  carry  chain  instead 
of  wire  rope  the  grooves  are  sometimes  cast  with  success,  although 
even  iu  this  case  the  turned  gi'oove  is  generally  preferable. 

The  brake  consists  of  a  wrought-iron  band  to  which  are  fast- 
ened wooden  blocks,  the  iron  band  giving  the  requisite  strength 
while  the  blocks  give  frictional  grip  on  the  diiim  surface  and  can 
be  easily  replaced  when  worn.  As  in  the  designing  of  a  belt  the 
object  in  view  is  the  grip  on  the  pulley  surface  by  the  leather  to 
enable  power  to  be  transmitted  from  the  belt  to  the  pulley,  so  in 
the  case  of  the  brake  if  we  put  the  proper  tension  in  the  strap  it 
can  be  made  to  grip  the  brake  drum  so  tightly  that  motion  between 
it  and  the  drum  cannot  occur.  The  latter  case  is  really  the  reverse 
of  the  first,  if  the  driven  pulley  be  considered,  but  is  identical  with 
the  case  of  the  driving  pulley,  in  which  the  power  is  transmitted 
from  the  pulley  to  the  belt.  Of  course  in  the  case  of  the  brake 
no  power  is  transmitted,  as  when  the  brake  holds  no  motion  occurs, 
but  the  principle  of  the  relative  tensions  in  the  strap  is  the  same 
as  for  the  belt. 

Since  the  brake  drum  surface  is  28  inches  in  diameter,  the  load 
at  that  surface  which  the  brake  must  hold  is 
„       5,000X27       _„, 

~1IX2"    =  4,821  pounds. 

We  have  then  the  following  calculation  corresponding  exactly 
to  that  of  the  belt  given  in  Fig.  3. 

log.5^-2.729XuXn         L^t/-  =  -25     ■ 

T„—T„=P  =  4,821 

T_  r.  p,„„  n.  „_  n^m  (for  which  the  natural  number 
log.^=2.729x.2oxwo  =  0.512  ^  j^  335^ 

Then  ^=3.25      T,  =  ^ 

T  2  2t  vT 

T.-T„  =  4,821  T^.-sM=-^SM^  =  ^'^^^ 

4.  S91  V  '^  ''t 

T„  =  '  2  2-     =  ^'^^^  p"^"'^^  ('^y  '^'^^^') 

T„  =  6,963—4,821  =  2,142  pounds  (say  2,200) 
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The  tight  end  of  tlio  strap  must  then  be  capaWo  of  carrying  a 
load  of  7,000  pounds,  and  since  the  width  has  ah'eady  been  taken  at 
4i  inches,  the  problem  is  to  find  the  necessary  thickness.    Equating 
the  external  load  to  the  internal  resistance  we  have 
7,000  =  A  X  S  Lett  =  thickness 

"  S  =  fibre  stress  =  12,000 
7,000  =  4.5X^X12,000 

^  =  4.5  X  12.000= -^-^^""^ 

This,  however,  can  be  but  a  preliminary  figure,  for  the  riveting 
of  the  strap  will  take  out  some  of  the  effective  area,  and  the  thick- 
ness will  have  to  be  increased  to  allow  for  this.  Suppose  on  the 
basis  of  this  figure  we  assume  the  thickness  at  a  slightly  increased 
value,  say  J^  inch,  and  proceed  to  calculate  the  rivets. 

A  group  of  five  rivets  will  work  in  wel-1  for  this  case,  which 

gives    '        =  1,400  pounds  per  rivet.     A  safe  shearing  fibre  stress 

is  6,000,  hence  the  area  necessary  per  rivet  is  /    .^  =  .23  square 

inch.  This  comes  nearest  to  the  area  -j'j  diameter,  but  for  the 
sake  of  using  the  more  general  size  of  rivet  (|  inch)  the  latter  is 
chosen,  for  which  the  area  is  .30. 

We  must  DOW  try  these  rivets  in  a  -j^j-inch  plate  for  their  safe 
bearing  value.     The  projected  area  of  a  |-inch  hole  in  a  ^^j-inch  plate 

is  I X-^  =.117  square  inch.    '==  11,9G5  (15,000  would  be  safe) 

Taking  out  two  |-inch  rivets  from  the  full  width  of  4i  inches 
leaves  4i  —  (2x  |)=  3.25,  and  makes  the  net  area  of  strap  to  take 
stress  3.25  Xy  5-=. 01  square  inches.    Re-calculating  the  fibre  stress 
for  this  area  gives 
7,000  =  . 61  xS 

^ 7,000  =  11,475  (which  approximates  the  previous   value 

~  ~mr  of  12,000). 

The  slack  end  of  the  strap  has  to  take  but  2,200  pounds,  hence 
a  different  calculation  might  be  made  for  this  end  giving  smaller 
rivets;  but  as  it  is  impractical  to  change  the  thickness  of  the  strap 
to  meet  this  reduced  load,  it  is  well  to  maintain  the  same  propor- 
tion of  joint  as  at  the  tight  end.   The  spacing  of  the  rivets  in  both 
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cases  follows  tlie  ordinary  rule  allowing  at  least  three  times  the 
diameter  of  the  rivet  as  center  distance,  and  one-half  this  value  to 
the  edge  of  the  plate. 

The  threaded  end  of  the  forging  on  the  strap  also  has  to  carry 
the  load  of  2,200  pounds,  for  which  a  size  smaller  than  1  inch 
would  suffice.  It  is  natural,  however,  for  the  sake  of  general  pro- 
portion to  make  the  bolt  as  strong  as  the  strap,  and  a  1-inch  bolt 
ijives  an  area  of  .53  square  inch,  nearly  equalling  the  value  of 
.til  net  area  of  strap  noted  above. 

Base,  Brake-Strap  Bracket  and  Foot  Lever.  Fig  16.  The 
base  cannot  be  definitely  calculated,  and  can  best  be  proportioned 
by  judgment.  It  must  not  distort,  twist,  or  spring  in  any  way  to 
throw  the  shafts  out  of  line.  The  area  in  contact  with  the  founda- 
tion upon  which  it  rests  must  be  ample  to  carry  the  weight  of  the 
whole  machine  with  a  low  unit  pressure.  Although  the  form 
shown  is  perfectly  practicable  to  cast  and  machine,  and  is  simple 
arJ  rigid,  yet  it  is  questionable  if  a  bolted-up  construction,  say  of 
four  pieces,  might  not  be  equally  rigid  and  yet  involve  greater 
facility  of  production  in  both  the  foundry  and  machine  shop  on 
account  of  the  reduced  sizes  of  parts  to  be  handled.  This  is  a 
question  which  depends  on  the  equipment  and  methods  of  the 
individual  shop,  and  is  an  illustration  of  the  practical  control  of 
design  by  manufacturing  conditions. 

The  brake-strap  bracket  and  foot  lever,  also  shown  in  this 
figure,  are  examples  of  machine  parts  which  are  quite  definitely 
loaded,  and  the  designing  of  which  is  a  simple  matter.  Further 
discussion  of  their  design  is  not  made,  the  student  being  given 
opportunity  for  some  original  thought  in  determining  the  forces 

and  moments  that  control  their  desio^n. 

o 

Gear  Guard  and  Brake=ReIief  Spring.  In  exposed  machin- 
ery of  this  character  it  is  desirable  to  cover  over  the  gears  with  a 
guard  to  prevent  anything  accidentally  dropping  between  the 
teeth  and  perhaps  wrecking  the  whole  machine.  This  guard  is  not 
shown,  as  it  involves  little  of  an  engineering  nature  to  interest 
the  student.  It  could  readily  be  made  of  sheet  metal  or  light 
boiler  plate,  bent  to  follow  the  contour  of  the  gears  and  fastened 
to  the  top  flange  of  the  main  bracket. 

If  the  brake  be  not  automatically  supported  at  its  top  it  will 
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lie  with  considerable  pressure,  due  to  its  own  weight,  on  the  brake 
surface  when  it  is  supposed  to  be  free  from  it,  and  by  the  friction 
thereby  created  will  produce  a  heavy  drag  and  waste  of  power. 
A  spring  connection  fastened  to  an  overhead  beam  is  a  simple  way 
of  accomplishing  the  desired  result.  A  flat  supporting  strap  car- 
ried out  from  the  gear  guard,  having  some  degree  of  spring  in  it, 
is  a  neater  method  of  solving  the  problem.  The  spring  should 
be  just  strong  enough  to  counterbalance  the  weight  of  the  strap 
and  yet  not  resist  to  an  appreciable  degree  the  force  applied  to 
throw  the  brake  on. 

GENERAL  DRAWING. 

The  last  step  in  the  ]>rocess  of  design  of  a  machine  is  the 
making  of  the  assembled  or  general  drawing.  This  should  be 
built  up  piece  by  piece  from  th*e  detail  drawings,  thereby  serving 
as  a  last  check  on  the  parts  going  together.  This  drawing  may 
be  a  cross  section  or  an  outside  view.  In  any  case  it  is  not  wise 
to  try  to  show  too  much  of  the  inside  construction  by  dotted  lines, 
for  if  this  be  attempted,  the  drawing  soon  loses  its  character  of 
clearness,  and  becomes  practically  useless.  A  general  drawing 
should  clearly  hint  at,  but  not  specify,  detailed  design.  It  is 
just  as  valuable  a  jiart  of  the  design  as  the  detail  drawing,  but 
it  cannot  be  made  to  answer  for  both  with  any  degiee  of  success. 
A  good  general  drawing  has  plenty  of  views,  and  an  abundance  of 
3ross  sections,  but  few  dotted  lines. 

The  general  drawing  of  the  machine  under  consideration  is 
left  for  the  student  to  work  up  from  the  complete  details  shown. 
It  would  look  something  like  the  preliminary  layout  of  Fig.  10,  if 
the  same  were  carefully  carried  out  to  finished  form.  A  plain  out- 
side view  would  probably  be  more  satisfactory  in  this  case  than  a 
cross  section,  as  the  latter  would  show  little  more  of  value  than  the 
former.  The  functions  which  the  general  drawing  may  serve  are 
many  and  varied.  Its  principal  usefulness  is,  perhaps,  in  showing 
to  the  workman  how  the  various  parts  go  together,  enabling  him  to 
sort  out  readily  the  finished  detail  parts  and  assemble  them,  finally 
producing  the  complete  structure.  Otherwise  the  making  of  a 
machine,  even  with  the  parts  all  at  hand,  would  be  like  the  putting 
together  of  the  many  parts  of  an  intricate  puzzle,  and  much  time 
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would  be  Wiisted  in  trying  to  make  the  several  parts  tit,  with  per- 
hajis  never  complete  success  in  giving  each  its  absolutely  correct 
location. 

The  general  drawing  also  gives  valuable  information  as  to  the 
total  space  occupied  by  the  completed  machine,  enabling  its  loca- 
tion in  a  crowded  manufacturing  plant  to  be  planned  for,  its  con- 
nection  to  the  main  driving  element  arranged,  and  its  convenience 
of  operation  studied. 

In  some  classes  of  work  it  is  a  convenient  practice  to  letter 
each  part  on  the  general  drawing,  and  to  note  the  same  letters  on 
the  specification  or  order  sheet,  thus  enabling  the  whole  machine 
to  be  oi'dered  from  the  general  drawings.  This  is  a  very  excel- 
lent service  performed  by  the  general  drawing  in  certain  lines  of 
work,  but  for  such  a  purpose  the  drawing  is  quite  inapplicable 
in  others. 

Merely  as  a  basis  for  judgment  of  design,  the  general  drawing 
fulfils  an  important  function  in  any  class  of  work,  for  it  approaches 
the  nearest  possible  to  the  actual  appearance  that  the  machine  will 
have  when  finished.  A  good  general  drawing  is,  for  critical  pur- 
poses, of  as  much  value  to  the  expert  eye  of  the  mechanical 
engineer  as  the  elaborate  and  colored  sketch  of  the  architect  is  to 
the  house  builder  or  landscape  designer. 

From  the  above  it  is  readily  understood  that  the  general 
drawing,  although  a  mere  putting  together  of  parts  in  illustration, 
is  vet  of  great  assistance  in  producing  finished  and  exact  machine 
design. 

GENERAL  COMMENTS  ON  PRECEDING  PROBLEM. 

After  following  through  the  detail  of  work  as  given  in  the 
preceding  pages,  it  is  worth  while  to  stop  fof  a  moment  and 
take  a  brief  survey  or  review  of  the  subject  as  illusti-ated  therein. 

If  the  text  be  carefully  studied  it  will  be  seen  that  in  every 
part  to  be  designed  the  same  routine  method  has  been  followed, 
regardless  of  the  final  oiitcome.  In  some  cases  it  may  seem  a 
roundabout  procedure  to  follow  a  train  of  thought  that  finally 
ends  in  a  design  apparently  based  on  purely  practical  judgment, 
the  theory  having  ha<l  but  very  little  if  any  influence.  The  ques- 
tion at  once  arises — Why  not  use  the  empirical  rule  or  formula  in 
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the  first  place  ?  Why  not  make  a  good  guess  at  once  ?  Why  not 
save  all  the  time  and  energy  devoted  to  a  careful  analysis  and 
theory,  if  we  are  finally  to  throw  them  away  and  not  base  our 
design  on  them  ? 

The  principle  to  be  noted  in  this  connection  is,  that  it  is  just 
as  fata!  to  good  design  to  rely  upon  bare  experience  and  upon 
judgment  alone,  as  it  is  to  construct  solely  according  to  what  pure 
theory  tells  us.  There  are  many  things  in  the  operation  of 
machinery  that  are  totally  inexplicable  from  the  purely  practical 
point  of  view,  and  will  forever  remain  so  until  we  analyze  them 
and  theorize  on  them.  Many  good  things  in  machinery  have 
been  the  result  of  what  might  be  called  "reversed"  machine 
design.  When  a  new  machine  is  started,  it  frequently,  or  we 
might  almost  say  always,  fails  to  do  its  work  just  as  it  is  expected 
to  do  it.  This  is  because  some  little  point  of  design  is  bad,  owing 
to  the  inability  of  drawings,  however  good  they  may  be,  to  show 
all  that  the  machine  itself  in  bodily  form  and  in  motion  shows. 

Now,  if  our  analysis  and  theory  have  been  good  in  the 
designing  process,  it  is  almost  sure  that  we  can  very  readily 
analyze  and  theorize  on  the  trouble  that  exists  when  the  machine 
is  finished,  can  detect  the  weakness,  and  can  correct  it  with  com- 
paratively small  change  in  the  general  design.  This  is  "  reversed  " 
machine  design. 

If,  on  the  contrary,  we  have  based  our  design  jiureiv  on  guess- 
work, allowing  our  fancy  full  and  free  play  to  work  out  the  details 
without  further  basis,  we  may  consider  ourselves  lucky  if  the 
machine  runs  at  all.  This,  however,  is  not  the  worst  of  the 
situation.  If  the  machine  does  actually  operate,  even  as  well  as 
it  might  reasonably  be  expected  to,  but  still  has  the  usual  diffi- 
culty of  some  little  kink  or  hitch  that  was  not  expected,  then,  as  a 
result  of  the  method  upon  which  the  whole  thing  has  been  con- 
structed, we  have  no  definite  plan  of  action  to  proceed  upon.  We 
mixst  try  first  this,  then  that  scheme  to  obviate  the  trouble.  We 
may  be  fortunate  enough  to  "  strike  it "  the  first  time  ;  we  may 
never  strike  it.  It  is  doubtful  if  the  machine  ever  can  be  made  to 
work  at  highest  efficiency  ;  and  if  fairly  good  results  be  finally 
obtained  we  never  know  the  reason  why,  and  have  nothing  on 
which  to  base  any  future  action  or  design. 
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This  haphazard  process  is  not  machine  design  at  all,  either 
in  name  or  iii  result. 

As  has  previously  been  stated  in  these  pages,  there  is  no 
such  thing  as  too  much  analysis  or  theory  in  the  designing  of 
machinery.  Even  if  we  carefully  analyze,  theorize  with  rigorous 
exactness,  and  then  practically  modify  our  construction  to  such  a 
point  that  the  original  theoretical  shape  is  almost  or  entirely  lost, 
the  apparently  roundabout  process  is  not  in  vain,  for  we  are  in  per^ 
feet  control  of  our  design.  We  know  exactly  what  it  has  to  take  in 
the  way  of  forces,  blows  and  vibrations.  We  know  what  its  ideal 
shape  should  be.  We  know  where  we  can  practically  modify  its 
form  without  weakening  it  excessively  or  adding  excess  of  material. 
In  other  words  we  know  all  about  it,  and  therefore  know  exactly 
what  we  can  do  with  it  ;  and  whether  it  follows  in  its  shape  the 
outline  that  pure  theory  gives  it  or  some  other  outline,  it  is  never- 
theless well  designed. 

"Reversed"  machine  design,  as  described  above,  based  on 
observation  and  experiment  with  regard  to  machines  already  in 
orieration,  is  just  as  impossible  without  exact  analysis  and  theory 
as  is  original  design  based  merely  on  mechanical  ideas  in  the 
abstract.  The  method  once  learned  and  made  a  habit  of  mind 
will  produce  i-esults  with  equal  facility  in  either  case,  and  results 
are  what  the  mechanical  world  is  seeking. 

Another  point  worth  noting  in  the  progress  of  the  problem 
as  given  is  the  absolute  necessity  of  possessing  some  knowlege  of 
Mechanics.  The  more  of  this  subject  the  designer  can  have  at 
his  finger  ends,  the  more  ready  and  successful  will  he  be  in  all 
problems  of  Machine  Design.  However,  the  principles  of  forces 
and  moments  cleai'ly  understood,  and  the  application  of  the  same 
in  the  all-important  subject,  "Strength  of  Beams,"  constitute  a 
fund  of  information  that  will  give  a  splendid  start  and  a  good 
working  basis  for  simple  designs.  It  should  always  be  remem- 
bered that  a  complicated  design  is  little  more  than  a  combination 
of  simple  designs,  and  if  one  has  the  ability  to  dissect  and  analyze 
what  seems  at  first  like  a  bewildering  maze  of  parts,  complication 
is  speedily  changed  to  simplicity. 

Common  sense  goes  a  long  way  in  good  designing.  There  is 
nothing  mysterious  about  the  process      If  the  beginner  will  only 


959 


62  MACHINE  DESIGN 

avoid  doing  things  that  are  foolish  and  ridiculous  on  their  very 
face,  if  he  will  exercise  the  same  judgment  that  he  uses  in  the 
daily  affairs  of  his  life  and  will  mix  in  something  of  mechanics  and 
mechanical  method,  he  will  be  on  the  direct  road  to  success  in  the 
art. 

Good  drawing  is  an  essential  element  of  good  design,  and  it 
is  especially  urged  that  the  sketches  and  drawings  as  reproduced 
in  the  ])receding  text  be  studied  with  this  in  mind.  By  a  good 
drawing  is  meant  not  a  showy  piece  of  work,  finely  shadetl  or 
artistically  lettered,  but  an  exact  layout,  definite  and  measurable, 
correctly  dimensioned  if  in  detail,  and  meaning  exactly  what  it 
says.  Machine  design  is  an  exact  science,  and  the  designer  can- 
not  shirk  responsibility  by  permitting  his  work  to  be  shiftless  and 
loose.  If  he  cannot  delineate  clearly  and  in  definite  form  what  he 
determines  in  his  mind  the  structure  should  be,  then  it  is  purely 
good  luck  if  he  achieves  success,  and  it  may  safely  be  asserted  that 
the  success  is  due  to  some  subsequent  care  and  finished  design 
added  to  his  feeble  effort,  rather  than  to  any  expertness  of  his  own. 
Such  success  is  of  a  very  doul)tful  nature,  and  if  not  bordering  on 
financial  loss  it  is  at  least  secured  only  at  a  low  working  ethciency. 

As  examples  of  good  drawings  the  plates  shown  are  not 
claimed  to  be  anything  extraordinary,  but  it  will  be  noted  that  they 
are  clean-cut  and  definite,  and  that  even  the  sketches  are  unmis- 
takable as  to  that  which  they  are  intended  to  illustrate.  The 
information  as  to  the  design  is  all  there;  nothing  is  left  to  the 
imagination. 

Classification  of  riachinery.  It  is  intended  to  be  made  clear 
in  all  that  has  preceded,  that  the  same  method  of  attack  and  pro- 
cedure may  be  applied  to  the  designing  of  machinery,  whatever 
may  be  the  class  or  kind.  This  is  a  fundamental  principle. 
When  it  is  logically  carried  cut,  however,  it  produces  very  differ- 
ent results,  as  is  evidenced  by  the  characteristics  of  style  peculiar 
to  each  of  the  classes  of  machinery  to  one  or  another  of  which 
all  machines  belong. 

For  example,  an  engine  lathe  has  a  style  similar  to  a  diill 
press,  or  a  boring  mill,  or  a  screw  machine,  or  a  milling  machine. 
It  is  very  different,  however,  from  the  style  of  a  steam  engine,  or 
a  pump,  or  an  air  compressor,  or  a  locomotive;  it  is  still  more  dif- 
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fereiit  from  the  style  of  a  rolling  mill,  or  a  link  belt  conveyor,  or 
a  coal  crusher,  or  a  stamp  mill. 

These  classes  of  machinery  are  so  distinctly  marked  that  the 
novice  is  easily  able  to  perceive  that  there  is  some  controlling 
influence  in  each  which  marks  its  peculiar  style.  He  should  at 
the  same  time  see  that  the  very  analysis  that  has  been  so  strongly 
insisted  upon  in  these  pages  is  the  direct  cause  of  the  marked 
characteristic  in  design.  Each  class  of  machinery  must  satisfy 
certain  exacting  conditions  different  from  those  of  any  other,  and 
it  is  the  careful  study  of  these  conditions,  as  fundamentally 
enforced,  which  leads  to  the  strictly  logical  design. 

A  few  of  the  most  common  classes  are  enumerated  below, 
and  their  prominent  features  noted.  It  is  hoped  that  a  study  of 
them  will  familiarize  the  student  in  a  general  way  with  the 
requirements  of  each,  and  serve  as  a  guide  to  a  more  comprehen- 
sive study  of  their  detail  design  than  is  possible  in  these  pages. 

Machine  Tools.  Examples: — lathe,  planer,  milling  machine, 
drill  press,  screw  machine,  boring  mill,  grinding  machine,  etc.,  etc. 

The  machines  of  this  class  are  all  utilized  for  the  finishing  of 
metal  surfaces.  They  are  really  at  the  root  of  the  production  of 
machinery  of  all  other  classes.  Accuracy  is  their  prime  character- 
istic — accuracy  of  construction,  accuracy  of  operation,  accuracy  of 
adjustment.  Any  inaccuracy  that  exists  primarily  in  a  machine 
tool  is  reproduced  in  every  piece  upon  which  it  produces  a  finished 
surface ;  and  since  the  mere  act  of  finishing  a  surface  upon  any- 
thing implies  that  a  rough  and  inaccurate  surface  will  not  answer, 
the  tool  then  fails  of  its  purpose  if  it  cannot  produce  a  true  sur- 
face: it  does  not  accomplish  that  for  which  it  was  designed. 

The  effect  that  this  element  of  accuracy  has  upon  the  design 
of  a  machine  tool  is  to  require  long  bearings,  convenient  and  exact 
methods  of  adjustment,  stiffness,  excess  of  material  to  absorb 
vibration,  special  shapes  to  facilitate  application  of  jigs,  fixtures, 
and  exact  manufacturing  devices  insuring  interchangeabilitj  of 
parts,  dust  guards,  and  automatic  lubrication. 

Machine  tools  are  essentially  machines  of  maximum  output, 
and  depend  for  their  success,  not  only  upon  their  accuracy  as 
noted,  but  also  upon  their  ability  to  do  the  greatest  amount  of  work 
per  square  foot  of  space  occupied,  with  the  least  amount  of  manual 
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labor  and  attention  on  the  part  of  the  operator.  This  is  especially 
true  of  automatic  machinery,  which  perhaps  might  be  classed  by 
itself  in  this  respect,  but  which  is  nevertheless  included  under  the 
broad  term  of  a  machine  for  producing  finished  surfaces,  being 
merely  the  highest  and  most  refined  form  of  same.  For  machines 
of  this  class  the  designer  has  to  study  every  detail  with  the  most 
minute  attention,  packing  away  the  operating  parts  into  the 
smallest  space  and  yet  providing  ready  means  for  access,  removal, 
and  repair.  Clearances  that  would  be  too  little  for  other  kinds  of 
machinery  are  jiermitted  and  provided  for;  material  of  high  grade, 
strength,  and  wearing  quality,  though  exjtensive  in  first  cost,  and 
requiring  the  most  expert  skill  to  finish  and  to  fit  into  place,  must 
be  used  in  order  to  keep  the  machine  compact  and  yet  of  large 
capacity,  to  Tiiake  it  reasonably  light  in  weight  and  yet  amply 
strong. 

Another  point  which  has  a  great  influence  on  the  design  of  a 
machine  tool  is  that  we  can  never  tell  in  advance  just  what  it  will 
have  to  stand  in  work,  for  the  variation  in  the  material  that  it  fin- 
ishes, the  uncertain  skill  of  the  operator  who  runs  it,  the  crowding 
to  its  limit  of  capacity  and  even  beyond  in  times  of  press  of  business, 
and  the  many  other  stresses  that  may  suddenly  and  without  warn- 
ing l)e  thrown  upon  it,  must  all  be  thought  of  and  provided  for. 

TTie  points  above  mentioned  are  but  a  few  of  those  which  the 
designer  of  machine  tools  has  to  meet,  and  are  presented  merely 
as  illustrations  to  show  the  special  skill  required  in  this  class  of 
machinery.  It  is  readily  seen  that  while  the  machine  tool 
designer  has  great  latitude  in  choice  of  material  and  in  expendi- 
ture of  money  for  refinement  of  structure — perhaps  greater  lati- 
tude than  in  any  other  class,  yet  he  is  held  down  as  in  no  other 
to  the  final  productive  results,  a  small  percentage  of  failure  entirely 
throwing  out  the  machine  as  a  marketable  product. 

The  style  and  external  appearance  of  machine  tools  have  a 
character  of  their  own  resulting  from  this  extreme  detailed  care  in 
design.  Corners  and  fillets  are  carefully  rounded;  surfaces  and 
intersections  are  definitely  made;  in  short,  the  mechanical  beauty 
of  a  machine  tool  is  seen  only  from  a  near  view  and  close  inspec- 
tion, anxl  it  is  to  this  end  that  the  design  is  constantly  directed 
Appearance  is  a  large  factor  in  the  sale  of  a  fine  tool,  and  the 
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prestige  of  tlic  Aiiu'rican  trado  aliroad  in  this  rt'sju'ct  is  very 
noticeable. 

Motive=Power  Hachinery.  Examples: — Steam  engine,  gas 
engine,  air  compressor,  steam  pump,  hydraulic  machinery,  etc.,  etc. 

The  element  of  heat  enters  into  the  design  of  all  machinery 
in  this  class.  The  natural  agents,  air,  gas,  and  water,  in  their 
various  forms,  are  taken  into  the  machine  in  the  most  efficient 
form  in  which  it  is  possible  to  obtain  them,  are  robbed  of  their 
energy  to  provide  power,  and  are  discharged  in  a  form  as  weak 
and  inert  as  the  efficiency  of  the  machine  will  determine. 

In  contrast  to  the  class  of  machinery  just  studied,  it  should 
be  noted  that  these  machines  do  not  produce  any  material  thing; 
that  is,  they  do  not  produce  iinished  surfaces  on  metals,  make 
screws  or  bolts,  bore  holes  in  castings,  or  turn  line  shafting. 
They  merely  take  the  energy  of  the  natural  agent,  which  is  not  in 
a  form  available  for  use,  and  transform  it  into  motive  power  for 
general  use. 

Heuce  the  element  of  accuracy  as  entering  into  the  design  of 
these  machines  is  necessary  only  for  their  own  efficient  operation, 
and  not  for  the  quality  of  the  thing  which  they  produce,  as  in  the 
case  of  machine  tools.  For  example,  the  power  furnished  by  one 
steam  engine  to  drive  a  line  shaft  is  as  good  as  that  of  another  as 
far  as  the  rotating  of  the  shaft  is  concerned,  provided,  of  course, 
that  both  are  equipped  with  the  same  quality  of  governing  mechan- 
ism. The  fact  that  one  of  the  engines  has  a  good  adjusting  device 
on  the  main  bearing  while  the  other  has  not  is  of  no  consequence 
from  the  standpoint  of  die  line  shaft,  but  it  is,  of  course,  of  con- 
sequence respecting  the  efficient  operation  of  the  engines. 

The  design  of  steam  engines  and  similar .  machines  is  of  a 
rough  nature  compared  with  that  of" machine  tools,  as  far  as  the 
detail  of  surface  is  concerned.  General  accuracy  is  nevertheless 
essential  for  the  machine's  own  sake,  but  while  in  the  machine 
tool  we  deal  with  thousandths  of  an  inch,  in  the  steam  engine 
hundredths  of  an  inch  indicates  fine  work. 

These  machines  are  subject  to  extremes  of  temperature  that 
have  to  be  provided  for  in  the  design  and  arrangement  of  the  parts. 
Being  prime  uiovers,  controlling  the  operation  of  many  machines, 
they  must  be  certain  to  run  during  their  period  of  work;  hence 
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design  and  adjnstment  must  be  positive,  and  when  tlie  latter  can- 
not be  made  wliile  running,  it  must  lie  quickly  and  definitely  acconi- 
plished  when  a  stop  is  made.  Simplicity  of  construction  i.s  essential, 
facilitating  cheap  and  quick  repairs.  The  design  should  bo  such 
that  constaiit  attention  while  running  is  avoided,  the  usual  atten- 
tion of  the  engineer  being  a  safeguard  rather  than  an  implied  fac- 
tor of  the  original  design.  General  rigidity  and  stiffness  are 
important,  also  good  balancing  of  the  moving  parts,  and  weight  for 
alisorption  of  vibration;  otherwise  under  the  constaiit  daily  run  the 
machines  will  tear  to  pieces  not  only  themselves  but  their  founda- 
tions. 

As  far  as  external  appearance  goes  in  this  and  subsequent 
classes  to  be  mentioned  we  are  on  a  ver\-  different  basis  from  that 
of  machine  tools.  General  mechanical  symmetry  of  form  is  aimed 
at  in  the  design,  and  the  several  smaller  parts  depend  fur  their  out- 
line (aside  from  considerations  of  strength,  which  are,  of  course, 
always  in  order)  upon  the  harmonious  relation  which  they  bear  to 
the  main  and  fundamental  elements  of  the  machine.  Such 
machinery  as  air  compressors,  steam  engines,  pumps,  and  the  like 
are  viewed  as  a  whole,  and  criticised,  not  detail  by  detail,  as  is  the 
machine  tool,  but  as  to  general  effect  of  outline  observed  from 
some  distance.  To  convey  the  desired  effect  to  the  eye  the  design 
must  be  bold  and  massive,  connections  simple  and  direct,  and  the 
smaller  parts  must  not  be  so  dwarfed  in  size  as  to  appear  like  deli- 
cate ornaments  instead  of  integral  parts  of  the  machine.  The  lines 
of  connected  parts  must  be  continuous  from  one  part  to  the  other; 
and  when  interrupted  by  flanges,  bosses,  or  lugs,  the  latter,  which 
afe  merelj-  incidental  to  the  former  must  not  be  allowed  to  obscure 
wholly  the  main  lines  of  the  fundamental  pieces. 

It  is  attention  to  such  points  as  thes<^  that  marks  the  difference 
between  well-designed  motive-power  machinery  and  that  of  the 
opposite  character.  Even  though  the  little  details  of  fillets  and 
corners  and  surfaces  may  have  their  effect  from  a  close  point  of 
view,  the  design  will  stand  or  fall  in  excellence  on  its  bolder 
features,  as  noted  above. 

Structural  Machinery.  Examples : — Hoists,  cranes,  elevators, 
transfertables.locomotives,  cars,  conveyors,  cable- ways,  etc.,  etc. 

In  the  two  preceding  classes  that  have  been  noted,  cast  iron 


264 


MACHINE  DESIGN  6? 

in  the  form  of  fouiulry  castings  enters  as  the  principal  material. 
Steel  is  utilized  for  shafts,  studs,  pins,  and  keys.  Also  special 
forgiugs,  malleable  iron  and  steel  castings  enter  as  factors  in  the 
production  of  the  machinery  discussed.  Foundry  castings,  how- 
ever, compose  the  great  body  of  the  material  used,  and  the  chief 
problems  involved  are  those  of  the  expert  moulding  of  cast  iron, 
and  the  handling  and  finishing  of  the  same.  For  the  operating 
parts,  steel  of  fine  grade  is  used  in  highly  finished  form,  expens- 
ive because  of  its  fineness,  and  yet  a  necessity  to  the  extent  it  is 
used.  Brass  and  bronze  are  used  in  the  same  way,  generally  in 
connection  with  the  bearings  for  the  shafts. 

Structural  machinery,  on  the  contrary,  uses  steel  as  the  basis 
of  its  construction.  The  fundamental  structure  is  built  up  of 
plates,  channels,  beams,  and  angles;  castings,  though  numerous, 
are  relatively  small,  being  riveted  or  bolted  to  the  main  structure 
and  controlled  in  their  design  by  its  requirements. 

Steel  is  iised  in  this  manner  partly  because  the  exclusive  use 
of  castings  is  prohibited  on  account  of  the  excessive  weight,  and 
therefore  expense,  and  partly  because  castings  could  not  be  made 
which  would  possess  the  necessary  toughness  and  strength.  In 
many  cases  the  size  of  the  nuichinery  is  such  that  castings,  even 
if  they  could  be  made,  would  not  support  their  own  weight. 
Moreover,  machinery  of  this  class  is  subjected  to  rough  service, 
and  yet  must  be  practically  infallible  under  all  conditions,  neither 
being  uncertain  in  operation  at  critical  moments  nor  entirely  fail- 
ing under  an  extraordinary  load. 

Tbe  design  of  structural  machinery  is  tied  up  to  con- 
ditions existing  largely  outside  of  the  locality  in  which  the  ma- 
chinery is  built.  The  steel  plates  and  structural  shapes  required, 
being  products  of  the  rolling  mill,  have  to  conform  to  the  latter's 
standards.  The  rivets,  bolts  and  other  fastenings  have  to  be  in 
accordance  with  the  established  practice  of  the  structural  iron 
worker,  in  order  to  permit  punching,  shearing  and  bending  ma- 
chinery of  regular  form  to  be  utilized.  Shipment  on  standard 
railway  cars  has  to  be  considered,  the  design  often  requiring  to  be 
modified  to  permit  this  and  nevertheless  insure  positive  and 
accurate  assembling  in  the  field. 

Steel  castings,  both  large  and  small,  find  ready  application  in 
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tliis  class  of  work;  also  steel  forgings,  requiring  to  be  worked 
miller  a  heavy  liainiiier  and  in  many  cases  by  specially  devised 
processes. 

In  structural  design  less  of  the  actual  process  of  manufacture 
is  under  the  eye  of  the  designer  than  in  the  former  classes  of 
machinery  which  have  been  considered,  and  hence  more  allowance 
has  to  be  made  for  things  not  coming  exactly  right  to  the  fraction 
of  an  inch.  It  would  be  bad  design  to  plan  any  structural  piece 
of  work  with  the  same  closeness  of  detail  permitted,  and  in  fact 
required,  in  the  case  of  machine  tools,  or  even  in  the  case  of  motive- 
power  machinery.  In  planning  structural  work  the  idea  must  be 
carried  out,  of  certainty  of  operation  in  spite  of  roughness  of  detail 
and  variations  of  construction.  This  does  not  necessarily  imply 
inaccuracy,  or  shiftless,  loosely  constructed  machinery;  on  the  con- 
trary, quite  the  reverse.  The  locomotive,  for  example,  is  one  of 
the  most  refined  pieces  of  mechanism  that  exists  today;  and  yet 
the  methods  applied  to  the  construction  of  machine  tools  would 
prove  a  failure  on  the  locomotive.  The  design  of  a  car  axle  box 
has  to  be  just  right  else  it  will  heat  and  destroy  itself;  the  same  is 
true  of  the  spindle  of  a  fine  engine  lathe;  and  yet  how  rough  the 
former  is  compared  with  the  latter,  and  how  unsuited  either  would 
be  for  use  on  the  service  of  the  other. 

As  a  general  rule  structural  machinery  can  be  more  closely 
proportioned  to  theoretically  calculated  size  than  can  the  preceding 
types.  The  rolled  material  of  which  it  is  made  is  of  a  uniform 
and  homogeneous  nature  owing  to  its  process  of  manufacture, 
hence  its  every  fibre  may  be  counted  on  to  sustain  its  share  of  the 
total  load  imposed  upon  it.  This  is  in  sharp  contrast  to  the  case 
of  cast  iron,  which  is  of  such  a  porous  and  irregular  structure  that 
we  have  to  use  a  large  factor  of  safety  to  cover  this  inherent 
defect. 

Steel  castings  of  both  small  and  large  size  (which  are  quite 
apt  to  be  utilized  in  this  class  of  machinery  for  parts  that  can  with 
difficulty  be  made  out  of  rolled  material),  if  properly  designed  of 
uniform  thickness,  with  all  corners  well  filleted  and  with  the 
channels  for  the  flow  of  the  molten  metal  direct  and  ample,  are 
nearly  as  reliable  as  rolled  steel.  In  parts  subject  to  excessive 
vibration,  shocks,  and    sudden  wrenchings,  as,  for  example,  the 


MACHINE  DESIGN  69 

side  frames  or.  tho  connecting  rod  of  a  locomotive,  the  forged  and 
haninuTed  materiul  is  practically  a  necessity.  This  is  esjjecially 
the  case  when  the  possible  breakage  of  the  part  would  cause 
eerious  consequences  involving  heavy  loss  of  life  and  property. 

From  the  several  points  of  view  as  above  considered,  it  can 
be  readily  appreciated  that,  while  structural  work  is  in  one  sense 
rough  and  unpolished,  yet  it  requires,  from  an  engineering  stand- 
point, quite  as  much  breadth  of  experience  and  judgment  as  any 
of  the  other  types.  The  iine-tool  designer,  least  of  all,  perhaps, 
requires  book  theory,  but  does  require  an  extended  machine-shop 
experience.  The  designer  of  motive-power  machinery  needs  pure 
physical  theory  and  shop  experience  of  a  large  and  broad  scope. 
The  structural  designer  is  least  of  all  concerned  with  refined  and 
minute  finishing  processes,  but  utilizes  his  theory  absolutely,  even 
though  rouglily. 

Mill  and  Plant  Machinery.  Examples: — Rolling  mills, 
mining  machinery,  crushers,  stamps,  rock  drills,  coal  cutters,  the 
machinery  of  blast  furnaces  and  steel  mills,  tube  mills,  etc.,  etc. 

This  machinery  constitutes  a  class  which  in  the  roughness 
of  its  operation  exceeds  all  others.  Moreover,  it  is  machinery 
which  for  the  most  part  is  in  continuoiis  operation — 2-i  hours  per 
dav  and  3(35  days  in  the  year.  Hence  refinement,  even  such  as 
might  be  permitted  in  the  preceding  class  of  Structural  Machinery, 
would  be  fatal  here.  The  conditions  that  surround  plant  machinery 
are  unfavorable  in  the  extreme  to  the  life  of  any  material  or  metal, 
and  it  is  not  possible  to  change  these  conditions  or  give  more 
than  partial  protection  to  the  operating  parts.  Hence  the  design 
of  such  machinei-y  must  proceed  primarily  on  the  assumption 
that  abuse  and  neglect,  grinding  away  of  surfaces,  chemical  eating 
away  of  metal,  flooding  of  parts  with  water  gritty  and  corrosive, 
subjection  to  sudden  bursts  of  flame  and  intense  heat,  etc.,  will 
in  a  relatively  short  time  totally  destroy,  perhaps,  the  entire 
structure. 

In  view  of  the  continuous  nature  of  the  working  process, 
which  must  be  kept  up  in  spite  of  these  almost  insurmountable 
condit'ons,  the  problem  in  each  case  becomes  one  of  expediency; 
and  the  designs  and  arrangement  of  machinery  must  be  so  worked 
out  that  operation,  repair,  constructiou,and  installation  can  all  go 
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on  simultaneously  without  stopping  the  continuous  process,  and 
with  hut  a  small  degree  of  inconvenience  to  the  operation  of  the 
plant. 

This  prohlera,  difficult  though  it  may  seem,  can  be  worked 
out  successfully,  as  is  evidenced  by.  the  great  number  of  plants  of 
the  continuous  character  0|)erating  at  high  efficiency  throughout 
the  world.  The  engineering  and  designing  skill  required  to  ac- 
complish this,  is  perhaps  of  the  highest  degree  met  with  in  mod- 
ern practice,  for  in  it  is  involved  a  working  knowledge  of  the 
possibilities,  if  not  the  detailed  designs  of  machinery  included  in 
all  classes.  And  yet,  as  in  the  most  elementary  case  of  simi)le 
design  that  can  be  conceived,  the  result  is  accomplished  in  the 
same  way,  namely,  by  studying  the  conditions  (analysis),  devel- 
oping an  ideal  application  to  those  conditions  (theory),  and  then 
reducing  the  ideal  design  to  a  practical  basis  (modification). 

A  Few  Pointed  Suggestions  on  Original  Design.  Original 
design  deals  with  the  develoj)ment  of  original  mechanical  ideas. 
The  ])rime  requisite  for  the  development  of  an  idea  is  to  under- 
stand thoroughly  the  idea  in  the  rough.  See  distinctly  the  mark 
aimed  at,  and  never  lose  sight  of  it.  If  a  method  of  reaching  it 
is  already  outlined,  understand  that  also  thoroughly  and  the  prin- 
ciples involved.  It  is  impossible  to  go  ahead  blindly  and  hope  to 
come  out  right.  No  good  machine  was  ever  built  that  does  not 
stand  for  hours  of  concentrated  thought  on  the  part  of  its  designer. 
Good  machines  never  hopper,,  they  always  grow. 

Just  as  soon  as  the  object  to  be  accomplished  is  clearly  under- 
stood, begin  to  produce  some  visible  work  on  the  problem.  Sketch 
something.  Get  some  ideas  on  paper.  Ideas  on  paper  suggest 
other  ideas.  If  the  problem,  for  example,  is  one  of  lathe 
design,  sketch  a  rectangle,  and  call  it  the  headstock;  another  rec- 
tangle, and  call  it  the  footstock;  a  couple  of  scratches  for  the 
centers;  some  steps  for  the  cone  pulley;  three  or  four  lines  for  the 
bed ;  and  as  many  more  for  the  supports.  There  is  now  something 
on  paper  to  look  at;  the  design  is  begun. 

It  is  much  better  to  stare  at  this  sketch,  than  into  blank 
space  trying  to  imagine  the  finished  design.  No  matter  how  rough 
the  sketch  may  be,  a  short  study  of  it  will  develop  some  limiting 
conditions  that  before  were  not  apparent.     Guess  at  a  few  rough 
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diiiiciisioiis;  put  tlit'iii  on  tlii'  sketch;  develop  another  view — a  plan 
or  a  sid((  elevation — sill  still  in  the  roughest  style,  without  any 
reijarcl  to  finished  detail.  Information  will  be  growing  all  the 
while,  and  the  problem  will  be  opening  uj).  At  this  stage  it  is 
probable  that  the  sketch  can  easily  be  seen  to  be  wrong  in  many 
respects.     Perhaps  the  arrangement  will  not  do  at  all. 

This  is  a  good  sign.  It  shows  that  the  design  is  proo-ressing. 
It  is  a  valuable  thing  to  know  that  certain  plans  cannot  be  fol- 
lowed. Do  not  rub  out  part  of  the  sketch  already  made  and  try 
to  remedy  it.  Begin  again.  Make  another  sketch.  Sketch  paper 
is  cheap.  By  and  by  it  may  prove  to  be  very  desirable  to  have 
that  first  rough  outline  available  for  comparison;  or  it  may  be  that 
some  of  its  ideas  can  be  applied  on  other  sketches.  The  second 
sketch  may  "show  up"  little  or  no  better  than  the  first.  Make 
another,  and  another,  and  another,  until  the  subject  is  thoroughly 
digested.  It  is  wonderful  how  helpful  it  is  to  have  some  marks 
on  paper  relative  to  a  design,  even  though  they  be  of  the  utmost 
crudeness.  They  save  imaginative  power  tremendously;  and,  even 
with  them,  all  available  powers  of  iniagination  will  be  needed 
before  the  design  is  perfected. 

A  careful  comparison  of  one's  sketches,  rejecting  here,  and 
approving  there,  will,  little  by  little,  bring  about  a  definite  opinion, 
and  the  scale  drawing  can  lie  begun. 

As  in  the  case  of  the  first  sketch,  so  ia  the  case  of  the  first 
scale  drawing,  get  some  lines  on  paper  as  quickly  as  possible. 
Draw  something,  even  if  it  is  nothing  more  than  a  straight  hori- 
zontal line.  Do  not  stare  at  blank  paper  for  an  hour  trying  to 
imagine  how  the  tenth  or  eleventh  line  is  going  to  be  drawn  in 
relation  to  the  first  line.  Do  not  worry  about  the  later  lines 
until  it  is  time  for  them  Draw  the  first  line  at  once;  and,  when 
the-  second  line  is  drawn,  if  the  first  line  proves  to  be  wrong, 
make  it  right.  As  in  the  rough  sketch,  that  first  horizontal  line 
is  an  immense  relief  from  the  great  waste  of  blank  paper  of  a 
fresh  sheet.  It  is  something  to  look  at.  It  ;s  the  beginning  of  a 
detailed  design.  If  it  happens  not  to  be  the  absolutely  correct 
foundation  to  build  upon,  it  at  least  is  something  to  tear  down. 
The  main  purpose  of  these  preliminary  drawings  is  to  keep  the 
uiiud  active  on  the  problem-,  and  advance  toward  the  final  accom. 


269 


MACHINE  DESIGK 


jtlislinient  of  the  design  is  often  made  quite  as  rapidly  1)T  disrover- 
infT  what  to  tear  down  as  by  fonsistently  Imildinif  up. 

Wlien  a  detail  draftsman  who  has  heen  used  to  having  all  his 
work  laid  ont  for  him  hy  an  expert  designer  attempts  to  take  up 
original  work  for  himself,  he  encounters  the  drawing  of  that  first 
line  in  a  way  he  never  did  before.  He  is  apt  to  worry  for  sonic 
time  over  the  possible  or  impossible  results  of  drawing  that  first 
line.  H  he  continue  this,  he  will  be  sure  to  fail.  The  second  line 
is  much  easier  to  draw  than  the  first,  and  the  third  than  the  second : 
and  the  next  hundred  will  foUow  on  in  comparatively  smooth 
sequence,  all  because  of  bold  action  on  the  first  few  lines. 

And  yet,  just  as  the  design  appears  to  be  progressing  smoothly, 
and  tlie  advanced  progress  of  the  drawing  seems  cause  for  congratu- 
lation, careful  consideration  may  disclose  a  "snag"  not  previously 
known  to  exist  in  the  problem.  Further  study  ])ursued  along 
th3  line  of  this  new  discovery  may  show  that  the  whole  layout 
thtts  far  has  been  radically  wrong,  and  that  a  fresh  start  will  have 
to  be  made.  At  such  a  time  the  young  designer  is  apt  to  feel 
that  his  labor  has  all  been  thrown  away,  and  he  becomes  discour- 
aged. There  is,  however,  no  cause  for  discouragement.  .Machine 
Design  might  almost  be  defined  to  be  the  "successful  elimination 
of  snags."  It  takes  some  ability  to  discover  an  obstacle  of  this 
sort;  to  know  a  "snag"  when  an  opportunity  to  see  it  is  given. 
It  takes  a  good  designer  to  eliminate  such  a  difficulty  after  it  has 
been  found.  If  there  were  no  "snags"  it  would  not  refjuire  great 
ability  to  design  machines.  Many  machines  fail  because  in  them 
there  are  a  lot  of  undiscovered  "snags."  Others  fail  because  the 
"snags,"  althouglidiscovered,  were  not  eliminated  by  careful  design. 

Do  not  be  afraid  to  make  a  lot  of  "first"  drawings.  It  is 
just  as  important  to  digest  the  design  thoroughly  by  means  of 
scale  drawings,  as  it  was  to  digest  it  originally  by  .means  of 
the  rough  sketches.  An  attempt  to  make  the  first  drawing  of  an 
original  design  absolutely  right  would,  it  is  safe  to  say,  produce  a 
poor  design,  one  that  could  be  much  improved  by  further  trial. 
Let  the  drawings  multiply,  one  after  another,  until  the  final  one 
is  reached,  in  which  the  perfection  of  detail  will  eliminate  all  the 
bad  points  of  the  preceding  drafts  and  incorporate  good  ones  of  its 
own  based  on  the  study  of  the  others. 
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And  yet  it  is  often  true  that  the  first  design  kid  out,  even 
after  many  others  have  been  developed,  may  be  found  to  possess 
features  that  render  a  return  to  it  desirable.  This  is  why  it  is 
always  better  to  produce  a  collection  of  designs  than  to  attempt 
to  rub  out  and  work  over  the  first  one.  The  best  designers  usually 
have  a  great  number  of  sketches  showing  how  to  accomplish  a 
single  result.  Likewise,  they  also  have  a  series  of  layouts  to  scale, 
showing  in  detailed  form  the  development  of  their  various  ideas. 
This  is  because,  without  a  careful  consideration  of  many  methods, 
thev  themselves  feel  incompetent  to  judge  of  the  best  design  pos- 
sible for  accomplishing  a  given  result. 

Sketches  and  original  designs  should  always  be  dated  and 
signed.  Different  designers  may  be  working  on  the  same  prob- 
lem, and  priority  of  design  will  never  be  allowed  except  upon 
signed  and  witnessed  papers.  It  is  embarrassing  to  find,  after 
months  and  perhaps  years  have  passed  since  an  original  drawing 
was  made,  that  one's  rights  have  been  preempted  merely  because 
there  was  no  date  or  signature  to  define  them. 

In  redesigning  or  modifying  an  existing  machine,  never  make 
a  change  merely  for  the  sake  of  doing  so.  Give  the  good  points  of 
the  machine  z  chance,  and  devote  attention  in  the  new  design  to 
correcting  the  bad  points.  It  is  in  bad  taste,  if  it  be  not  actually 
childish,  to  "look  wise  and  suggest  a  change"  in  details  which 
happen  to  have  been  designed  by  another  party,  but  which,  never- 
theless, are  by  common  engineering  judgment  pronounced  good 
for  the  special  work  intended.  This  element  of  unfair  and  selfish 
criticism  has  more  than  a  moral  bearing.  When  it  is  carried  into 
the  superintendence  of  designing  work,  it  extinguishes  the  person- 
ality of  the  subordinate  draftsman;  his  efficiency  as  an  original 
thinker  is  lowered;  and  nari'ow  designs  are  produced. 

••  The  best  way  for  a  subordinate  to  dispose  of  wliat 
iippears  to  be  a  poor  suggestion  from  a  superior,  is  to  work  it  out 
to  the  best  degree  possible."  If  it  turns  out  to  be  good  the 
credit  of  working  it  out  belongs  to  the  man  who  did  it.  If  it  is 
actually  bad,  a  careful  working  out  will  usually  develop  the  fact 
beyond  dispute,  and  save  unprofitable  argument.  For  the  success 
or  failure  of  a  machine  there  is  only  one  argument  better  than 
the  detail  drawings,  and  that  is  the  machine  itself  in  operation. 
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Dfliiil  (lia\vin;^n,  howt-vnr,  are  irifinitt'ly  bi-tter  prosecutors  or 
(Iffcmlaiitfl  Uinii  a  inultitudo  of  wordy  counsel. 

Surnmary.  Tlie  above  classification  of  machinery  iniplit  be 
sulxliviiled  ami  extended  indefinitely,  and  on  the  broad  basis  on 
which  it  is  given  it  doubtless  does  not  cover  tlie  entire  field.  As 
an  illustration,  however,  not  only  of  types  of  machinery,  but  of 
methods  of  design  and  study,  it  is  hoped  that  it  may  be  of  assist- 
ance in  giving  a  start  to  the  student  of  machine  design,  in  what- 
ever class  his  interests  may  happen  to  lie. 

It  is  the  general  principles  of  the  art  which  it  is  important  to 
master.  It  is  not  the  designing  of  a  locomotive,  or  a  stationary 
steam  engine,  or  a  crane,  or  an  engine  latlu^,  or  a  rolling  mill, 
wiiich  should  be  sought  to  be  learned,  but  the  designing  of  amj- 
fliiiiij  that  may  confront  us.  Specializing  is  sure  to  come  to  tin; 
designer  in  the  course  of  his  experience,  and  when  it  does  he  merely 
fits  to  the  particular  specialty  the  princi[)l('s  he  knows  for  all,  and 
practically  develops  them  along  that  individual  line. 
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Introduction.  In  Part  I  is  illustrated  a  definite  and  systematic  method 
of  attacking  the  design  of  a  machine  as  a  whole.  In  Part  II  the  same  plan  is 
followed  with  regard  to  the  detail  of  its  component  parts,  the  machine  ele 
ments  which  are  chosen  as  illustrations  of  the  method,  being  the  simplest  and 
most  familiar  forms  in  common  use. 

As  before,  the  student  must  strive  to  grasp  and  absorb  the  method  of  design 
rather  than  any  specific  and  established  form  of  a  machine  part.  Part  II  is 
not  a  compendium  of  design,  does  not  attempt  to  be  complete  or  exhaustive  in 
any  of  its  chapters,  but  is  conden.sed  and  simplified  in  order  to  lead  the 
student  into  systematic  mechanical  thinking  and  logical  and  definite  action. 
Each  chapter  is  intended  to  stimulate  to  further  and  more  e.xhaustive  study 
along  lines  broader  than,  and  under  conditions  different  from  those  that  can 
be  specified  in  a  general  discussion.  But  no  matter  how  deeply  investigation 
may  be  carried,  or  how  specialized  the  study  may  become,  the  student  must 
real'ze  that  his  path  of  action  in  any  case  whatsoever  must  lie  along  the 
lines  of  Analysis,  Theory,  and  Practical  Modification  systematically  applied. 


BELTS. 

KOTATIOX— The  following  uotatiou  is  used  throughout  the  chapter  on  Belts: 

A=Sectional  area  of  belt  (square  inches)  R  =Radius  of  pulley  (feet). 

=  fcA.  ■  r  =  Radius  of  pulley  (inches). 

6=Width  of  belt  (inches).  T  =  Initial  tension  (lbs.). 

F=Forceof  friction  at  pulley  rim  (lbs.).  Tn=Total  tension  on  tight  side  (lbs.). 

h  =Thickness  of  belt  (inches)  To=Total  tension  on  slack  side  (lbs.). 

|l=Coefficient  of  friction.  j    =  Working  tension  of  belt    (lbs.  per 
N=Number  of  revolutions  of  pulley  per  square  inch). 

minute.  Y  =Velocity  of  belt  (feet  per  minute). 

n  =Fraction  of  circumference  of  pulley  ^  =Weight  of  belt  per  cubic  inch  (lbs.). 

embraced  by  belt.  z    =  Factor  due  to  centrifugal  force. 
P=DriTing  force  at  pulley  rim  (lbs.)  =  F. 

ANALYS  IS.  When  a  belt  is  stretcLed  over  a  pair  of  pulleys, 
is  cut  off  at  the  proper  length,  and  is  laced  together  into  an  end- 
less band,  it  is  evident  that  as  long  as  the  belt  is  at  rest  there,  is  a 
nearly  uniform  tension  in  it  throughout  its  length,  due  to  the  tight- 
ness with  which  the  lacing  is  drawn  up.  If  the  distance  between 
the  pulleys  is  consideral)le,  the  weight  of  the  belt  itself  as  it  hangs 
between  the  pullevs  will  produce  a  slightly  greater  tension  next  to 
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the  pulleys  than  exists  in  the  middle  of  the  span.  This  increase 
of  tension  due  to  tlie  weight  of  the  belt  would  make  but  little  dif- 
ference in  the  unit-stress  in  the  material  of  which  the  belt  is  made; 
hence  it  may  safely  l)e  assumed  that  the  tension  in  the  belt  when 
at  rest  is  nniforni  throughout  its  entire  length. 

When  we  start  to  transmit  power  through  the  belt  by  turning 
one  of  the  pulleys,  thereby  driving  the  other  pulley  the  condition 
of  stress  in  the  belt  is  at  once  materially  changed.  As  the  belt  is 
!i  flexible  member,  we  can  transmit  only  a  pull  to  the  other  pulley, 
thereby  turning  it  around,  the  push  which  is  at  the  same  time 
given  to  the  other  side  of  the  belt  merely  acting  to  make  the  belt 
sag  or  become  slack.  Hence  the  immediate  effect  of  starting  mo- 
tion in  a  belt  is  to  change  the  condition  of  ecpial  tension  through- 
out its  length,  to  that  of  unequal  tension  in  the  two  sides.  The 
driving  aide  is  tight,  while  the  other  is  loose,  the  former  having 
gained  as  much  tension  as  the  latter  has  lost,  and  the  sum  of  the 
two  being  practically  equal  to  the  sum  of  the  tensions  in  the  two 
sides  of  the  belt  when  at  rest.  This  is  not  strictly  true,  as  will  be 
shown  later;  but  it  is  sufficiently  accurate  to  form  a  good  basis 
for  the  practical  design,  at  least  of  slow-speed  belts. 

This  condition  of  tight  and  slack  sides  is  made  possible  l)y 
the  fact  that  the  belt,  in  being  wrapped  around  the  pulleys  under 
tension,  has  friction  on  their  gurfaces.  Thus,  we  can  pull  hard  on 
one  side  without  slipping  the  belt  around  the  pulleys,  but  could 
not  do  this  if  the  j)ulleys  were  perfectly  smooth  or  frictionless,  for 
in  that  case  the  slightest  pull  on  one  side  would  slip  the  belt 
around  the  pulleys.  In  fact,  it  would  be  impossible  to  produce 
any  pull  by  means  of  the  driving  pulley,  for  the  pulley  would 
merely  slip  around  inside  the  belt. 

The  amount  of  pull  we  can  apply  to  the  belt  is  therefore  lim- 
ited by  the  tension  at  which  the  belt  slips  around  the  pulley. 
Moreover,  since  the  force  of  friction  between  the  belt  and  pulley 
is  dependent  upon  the  normal  force  with  which  the  belt  is  pressed 
against  the  pulley,  and  the  coefficient  of  friction  between  the  two, 
itis  evident  that  the  tighter  the  belt  is  laced  up,  and  the  rougher 
the  surfaces  of  the  pulley  and  belt,  the  greater  is  the  force  that 
can  be  transmitted  through  the  belt.  This  leads  to  the  conclusion 
that  it  would  be  possible  to  transmit  any  amount  of  power  thi-ough 
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any  1'i'lt  however  small,  if  the  belt  were  only  laced  iip  tight 
enoiiirli. 

This  coiu-liision  is  literally  true;  but  the  important  fact  now 
conies  in.  that  the  strength  of  the  material  of  which  the  belt  is 
made  is  limited,  and  while  theoretically  we  might  be  able  to  ac- 
comjilish  the  above,  it  would  be  impossible  to  do  so  in  practice, 
fur  at  a  certain  point  the  belt  would  break  ixnder  the  strain.  Other 
practical  considerations  also  come  in,  which  tix  this  limit  of  power 
transmission  at  a  point  far  below  the  breaking  strength  of  the  ma- 
terial. 

The  complete  analysis  is  not  quite  as  simple  as  the  above,  es- 
pecially for  high-speed  belts.  When  the  driving  side  of  the  belt 
becomes  tight,  it  stretches  and  grows  longer;  and  at  the  same 
time  the  other  side  of  the  belt  becomes  slack  and  grows  shorter. 
But  it  is  not  true  that  the  increase  in  the  one  side  is  the  same  as 
the  decrease  in  the  other,  and  this  fact  produces  the  condition  that 
the  sum  of  the  tensions  in  motion  is  not  quite  the  same  as  the  sum 
of  the  tensions  at  rest. 

Again,  when  the  belt,  as  it  passes  around  the  pulley,  changes 
its  straight-line  direction  to  circular  motion,  each  particle  of  the 
belt — like  a  body  whirling  at  the  end  of  a  cord  aboiTt  a  ces.ter  of 
rotation — tends  by  centrifugal  force  to  fly  away  from  the  surface 
of  the  pulley,  thereby  decreasing  the  normal  pressure,  and  hence 
the  friction.  This  centrifugal  force  also  changes  somewhat  the 
tensions  in  the  belt  between  the  pulleys.  As  the  centrifugal  force 
increases  in  proportion  to  the  square  of  the  linear  velocity,  it  is 
evident  that  the  effect  is  greater  at  high  speeds  than  at  moderate 
or  low  speeds. 

A  further  circumstance  that  affects  the  driving  power  of  a 
belt  is  the  stiffness  of  the  leather  or  other  material  of  which  the 
belt  is  made.  As  it  passes  around  the  pulley,  the  belt  is  bent  to 
conform  to  the  circumference  of  the  pulley,  and  is  again  straight- 
ened out  as  it  leaves  the  pulley.  Hence  the  theoretically  perfect 
action  is  modified  somewhat  according  to  the  sharpness  of  the 
bending  and  the  thickness  or  flexibility  of  the  belt;  in  other  words, 
a  small  pulley  carrying  a  thick  belt  would  be  the  worst  case  for 
succesbiul  calculation  on  a  theoretical  basis. 

THEORY.     The  condition  of  the  tight  and  loose   sides  of  a 


277 


78 


MACHINE  DESIGN 


belt  transmitting  power,  is  similar  to  that  of  the  weighted  strap 
and  fixed  pulley  shown  in  Fig.  17.  If  motion  is  desired  of  the 
strap  around  the  pulley,  it  is  necessary  to  make  the  weight  W,  of 
such  a  magnitude  that  it  will  overcome  not  only  the  weight  W„ 
but  also  the  friction  between  the  strap  and  the  pulley.  The  strap 
tension  T„  is,  of  course,  equal  to  AV  ,  and  T„  to  W,.  The  equation 
showing  the  balance  of  forces  for  the  condition  when  motion  is 
about  to  occur,  is: 

T„  -  To  ^  F  =r  r  (driving  force).  (5) 

If  the  pulley  be  free  to  turn  on  its  axis,  instead  of  beingfixed 
as  in  Fig.  17.  the  strap  by  its 
friction  on  the  pmlley  will  turn 
the  pulley,  and  the  force  of 
friction  F  becomes  the  driving 
force  for  the  pulley  as  noted 
in  equation  5  above. 

In  Fig.  18,  let  us  sup- 
pose that  W  is  a  weight  repre- 
senting the  resistance  to  be 
overcome.  The  tensions  T„ 
and  T,„  equal  at  first  owing  to 
stretching  the  belt  tightly 
over  the  pulleys  at  rest, change 
when  an  attempt  is  made  to 
raise  the  weight  by  turning  ■ 
the  largeV  pulley;  and  just  as 
the  weight  leaves  the  floor,  the 
equality  of  moments  about 
the  axis  of  the  driven  pulley 
gives  the  following  equation: 

(Tu  -  TJ  /•  =.  F  X  /•  =  P  X  ^  =  W  X  r,.  (6) 

This  equality  of  moments  remains  as  long  as  the  motion  of 
the  weight  is  uniform,  and  represents  closely  the  conditions  under 
which  belt  pulleys  work. 

Although  we  know  from  the  above  what  the  diJfWvnce  of  the 
belt  tensions  is,  and  what  this  difference  will  do  when  applied  to 
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the  surface  of  a  ^iven  pulli^y,  \vc  do  not  y(^t  know  wliat  citlier 
T„  or  T„  actually  is;  and  until  \vn  do  know,  we  cannot  correctly 
jirojiortion  the  belt.  Hence  we  must  find  another  relation  between 
T„  and  T„  whicli  we  can  combine  with  equations  5  and  0.  This 
relation  is  deduced  bv  a  process  of  liitrlicr  matlieniatics,  which  re- 
sults as  follows: 

T„ 


t'oinnion  loirai'ithn 


'1',. 


•2.729 /x  (1 -2)/,.       (7) 


Treatinir  equations  5  and  7  as  simultaneous,  values  of  both 
T,j  and  T„  can  be  found  by  the  regular  algebraic  solution.  As  T,, 
is  the  larger,  the  actual  area  of  belt  to  provide  the  necessary  strength 
must  be  made  to  depend  upon  it. 

The  factors  in  equation  7  depends  ujioii  tlir  cfiiti-ifnoal  force 


Fig.  18. 

developed  by  the  weight  of  the  belt  passingarouud  the  pulley.     Its 
value,  found  from  mechanics,  is: 

w  X  V 


"      '.t,6()0  X  ;■ 

Having  found  the  maximum  pull  on  llie  l)elt,  it  now  remains 
10  write  the  eipiation: 

E.xternal  force  =  Internal  resistance; 


T^  =  l>XhXt. 


(8) 


Usually  the   most  convenient  way  to  handle   this  equation  is 
to  assume  //  and  t,  and  then  solve  for  0. 
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Snniining  up  tlu'  tlieoivticjil  treatiiu'iit  of  belt  ilcsiirii,  \v(! 
simply  combine  equations  5,  0,7,  and  S,  and  solve  for  the  qnautily 
tlcsiivd.  Discussion  of  tiie  constants  involved  in  tliese  e(juations, 
and  of  the  practical  factors  controUinij  them,  is  given  in  tlie  fol- 
lowing : 

PRACTICAL  MODIFICATION.  The  force  of  friction  F,  which 
is  the  same  as  driving  force  I',  depends  on: 

CoetKcient  of  friction  (/j.)  hetween  licit  and  ])ulley; 

Tightness  of  the  belt; 

Centrifugal  force  of  the  belt; 

Angle  of  contact  of  belt  with  pulley. 

The  coefKcient  of  friction  (/a),  according  to  experiments  and 
observed  operation  of  belts  transmitting  power,  varies  from  .l.'j  to 
.")()  for  leather  on  cast  iron.  An  average  value  consistent  with  a 
reasttnable  amount  of  slip,  the  belt  being  in  good  running  order, 
is  .;}().  If  the  belt  is  oily,  or  likely  to  become  so  in  use,  a  lower 
\aliie  should  be  taken. 

The  tighter  tlie  belt  is  draw  ii  up,  the  greater  is  the  pressure 
against  the  pulley,  and  hence  tlui  greater  is  the.force  of  friction. 
I»ut  if  vce  pull  the  belt  up  too  tightly,  when  we  begin  to  drive, 
T„  becomes  too  great,  and  the  belt  breaks  or  is  under  such  stress 
that  it  .wears  out  quickly.  Moreover,  the  great  side  pressure  on 
the  bearings  carrying  tlie  shaft  produces  excessive  friction,  and  the 
drive  is  inefKcient.  This  is  why  a  narrow  belt  driven  at  high 
sjieed  is  more  efficient  than  a  wide  belt  at  slow  speed,  for  we  can- 
not pull  up  the  former  as  tightly  as  the  latter  without  overstraining 
it,  and  yet  it  is  possible  to  get  the  required  power  out  of  the  nar- 
row belt  by  running  it  at  high  speed. 

The  centrifugal  force  is  of  small  importance  for  low  speeds, 
say  of  3,000  feet  per  minute  and  less;  and  it  therefore  iTiay  usu- 
ally be  neglected.  The  factor  s  then  becomes  zero  in  the  expres- 
sion 1  -  2  in  equation  7,  and  the  second  member  of  the  equation 
stands  simply  2.729  X  fiXn. 

The  angle  of  contact  of  belt  with  pulley  is  important,  as  a 
large  value  gives  a  great  difference  between  T^  and  T^;  and  it  is 
desirable  to  make  this  difference  as  great  as  possible,  because  there- 
by the  driving  force  is  increased.  The  loose  side  of  a  horizontal 
belt  should  always  be  above,  as  then   the   natural  sag  of  the  loose 
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siile  due  to  its  slackness  tends  to  increase  the  angle  of  contact  with 
tilt'  pulley,  while  the  tightening  up  of  the  lower  side  acts  against 
its!  sag  to  make  the  loss  of  wrap  as  little  as  possible.  Vertical  belts 
which  have  the  driving  pulley  uppermost,  utilize  the  weight  of  the 
belt  to  increase  the  pressure  against  the  surface  of  the  pulley,  slightly 
increasing  its  capacity  for  driving.  The  angle  of  contact  may 
be  artiiicially  increased  liy  a  tightening  pulley  which  presses  the 
belt  further  around  the  pulley  than  it  would  naturally  lie.  It 
adds  however,  the  friction  of  its  own  bearing,  and  impairs  the  effi- 
ciency of  the  drive.  For  ordinary  horizontal  belts,  the  angle  of 
contact  is  Init  little  more  than  180',  and  the  value  of  n  in  equation 
7  may  be  safely  assumed  at  A  unless  the  pulleys  are  of  relatively 
great  difference  of  diameter  and  very  close  together. 

Strength  of  Leather  Belting.  The  breaking  tensile  strength 
of  leather  belting  varies  from  3,000  to  5,000  pounds  per  square 
inch.  Joints  are  made  by  lacing,  by  metal  fasteners,  or  by  cement- 
ing. The  strength  of  a  laced  joint  may  be  about  ^,  of  a  metal- 
fastened  joint,  about  ^-.  and  of  a  cemented  joint,  about  equal  to 
the  full  strength  of  the  belt  cross-sectional  area.  The  proper 
working  strength  of  belting  dejiends  on  the  use  to  which  the  belt 
is  put.  A  continuously  running  belt  should  have  a  low  tension 
in  order  to  have  long  life  and  a  minimum  loss  of  time  for  repairs. 
For  double  leather  belting  it  has  been  shown  that  a  working  ten- 
sion of  2-10  pounds  per  square  inct  of  sectional  area  gives  an  an- 
nual cost  —  for  repairs,  maintenauce,  and  renewals  —  of  14:  per 
cent  of  first  cost.  At  400  pounds  working  tension,  the  annual  ex- 
pense becomes  87  per  cent  of  first  cost.  These  results  apply  to 
belts  running  continuously;  larger  values  may  be  used  where  the 
full  load  comes  on  but  a  short  time,  as  in  the  case  of  dynamos. 

Good  average  values  for  working  tensions  of  leather  belts  are: 

Cemented  joints.  400  pounds  per  square  inch. 
Laced  joints,        300     "  "       "         " 

Metal  joints,  250     "  i<        <i         i< 

Horse=Power  Transmitted  by  Belting,     If  P  is  the  driving 
,  force  in  pounds  at  the  rim  of  the  jnilley.  and  A"  is  the  velocity  of 
the  belt  in  feet  per  minute,  the  theoretical  horse-power  transmitted 
is  evidently  : 
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It  is  evident  from  the  above  that  the  horse-power  of  a  belt  de- 
pends upon  two  things,  the  driving  force  Pand  the  vehjcity  V.  If 
either  of  these  factors  is  increased,  the  horsepower  is  increased. 
Increasing  P  means  a  tight  belt.  Hence  a  tight  belt  and  high 
speed  together  give  niaxiniutn  horse-power.  But  a  tight  belt 
means  more  side  strain  on  shaft  and  journal.  Therefore,  from  the 
standpoint  of  efficiency,  >"*<'  o  vnrromhilt  under  hnn  tension  at  as 
high  a  speed  as  possihlr. 

Empirical  rules  for  horse-power  of  belting,  if  used  with  judg- 
ment, give  safe  results  when  applied  to  very  general  cases.  A 
coiniiion  rule  used  l)y  American  engineers  is: 

For  a  double  belt,  assuming  double  strength,  this  becomes: 

With  large  pulleys  and  moderate  velocities,  this  may  hold 
good.  With  small  pulleys  and  high  velocities,  however,  the  un- 
certain stresses  induced  by  the  bending  of  the  fibers  of  the  belt 
around  the  pulley,  and  the  relatively  great  lo.ss  tine  to  centrifugal 
force,  modify  tliis  relation-  and  a  safer  value  for  :i  double  belt  of 
the  ordinary  kind  is: 

"•■••-'^^  (-) 

or,  still  safer,  H.  P.  =     .,„,    ■  (13) 

If  we  compare  the  theoretical  value  of  equation  9  with  the 
empirical  value  of  equation  10  by  putting  them  equal  to  each 
other,  thus: 

H    P   ^  P  X  V      bX\ 
■     ■       33,000  ~  1,000  ■ 

and  solve  for  P,  we  get : 
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r  =  33J.  (I4) 

This  develops  the  faet  that  tlie  empirieal  rule  of  ecjualioii  ]()  as- 
puiiies  a  (lri\iiig  force  of  83  pounds  j)er  iiieh  of  width  of  single 
oelt. 

Another  way  of  expressing  equation  10  is:  A  single  belt 
will  transmit  one  horse-power  for  every  inch  of  width  at  a  belt 
speed  of  1,000  feet  per  minute. 

Speed  of  Belting.  The  most  economical  speed  is  somewhere 
between  l.OOO  and  5,000  feet  per  minute.  Above  these  values 
the  life  of  the  belt  is  shortened;  also  "flapping."  "chasing,"  and 
centrifugal  force  cause  considerable  loss  of  power.  The  limit  of 
speed  with  cast-iron  pulleys  is  fixed  at  the  safe  limit  for  bursting 
of  the  rim,  which  may  be  taken  at  one  mile  per  minute. 

Material  of  Belting.  Oak-tanned  leather,  made  from  the 
part  of  the  hide  -which  covers  the  back  of  the  ox,  gives  the  best  re- 
sults for  leather  belting.  The  thickness  of  the  leather  varies 
from  .18  to  .25  inch.  It  weighs  from  .03  to  .04  pound  per  cubic 
inch.  The  average  thickness  of  double  leather  belts  may  be  taken 
as  .33  inch,  although  a  variation  in  thickness  from  \  inch  to  -^\ 
inch  is  not  uncommon.  Double  leather  belts  may  be  ordered 
light,  medium,  or  heavy. 

In  a  sincrje-thickness  belt  the  grain  or  hair  side  should  be 
next  to  the  pulley,  for  the  flesh  side  is  the  stronger  and  is,  there- 
fore better  able  to  resist  the  tensile  stress  due  to  bending  set  up 
where  the  belt  makes  and  leaves  contact  with  the  pulley  face. 
Double  leather  belts  are  made  by  cementing  the  flesh  sides  of 
two  thicknesses  of  belt  together,  leaving  the  grain  side  exposed 
to  surface  wear. 

Raw  hide  and  semi-raw  hide  belts  have  a  slightly  higher  co- 
efficient of  friction  than  ordinary  tanned  belts.  They  are  iiseful  in 
damp  places.  The  strength  of  these  belts  is  about  one  and  one- 
half  times  that  of  tanned  leather. 

Cotton,  cotton-leather,  rubber,  and  leather  link  belting  are 
some  of  the  forms  on  the  market,  each  of  which  is  especially 
adapted  to  certain  uses.  For  their  weights  and  their  tensile  and 
workii.g  strengths  consult  the  manufacturers'  catalogues. 

A  prominent  manufacturer's  practice  in  regard  to  the  sizes  of 
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leatlierbeltinp;  will  be  foiiiitl  useful  for  comparison,  and  is  indicated 
in  tlic  table  on  patje  l'-2. 

Initial  Tension  in  Belt.  On  the  assumption  that  the  sum  of 
the  tensions  is  luicliantred,  whether  the  belt  be  at  rest  or  driving, 
we  should  have  the  follow! ncr  relation  : 


whence. 


T    J-  T   =  ''T- 

T    +T 


(i5; 


This  is  not  strictly  true,  however,  as  is  stated  in  the  "Analysis'' 
of  "  Belts. "■  It  has  been  found  that  in  a  horizontal  belt  workinfjat 
about  4()()  lbs.  tension  per  8(juare  inch  on  the  tight  side,  and  hav- 
incr  2  per  cent   slip  on   cast-iron  pulleys  i  /.  r..  the  surface  of  the 


sizes  of  Leather  Belting. 


THICKNESS. 

WIDTH. 

Single. 

Double. 

1  inch. 

sV 

inch. 

n 
1  8 

inch. 

2    " 

.1 
1  f 

S 

.s   •• 

7 
S2 

" 

f 

4     •• 

Sir 

3 

.'')     '• 

7 

" 

3 

fi     '■ 

7 

3 

10     " 

5 
1  I' 

3 

12    '• 

1 
I  3 

7 

14     •• 

20    •• 

driven  pulley  moving  2  per  cent  slower  than  that  of  the  driver  ), 
the  increase  of  the  sum  of  the  tensions  when  in  motion  over  the 
sum  of  the  tensions  at  rest,  may  be  taken  at  about  ^  the  value  of 
the  tensions  at  rest.     Expressing  this  in  the  form  of  an  equation 


T„+T„ 


4 

(2T)  -- 

8  XT 
~      3 
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Tho  value  of  T  thus  found  would  be  the  pounds  initial  tension  to 
which  the  belt  should  be  piilled  up  when  being  laeed,  in  order  to 
jiroduce  T^  and  T^  when  driving. 

This  value  is  not  of  very  great  practical  importance,  aa  the 
proper  tightness  of  belt  is  usually  secured  by  trial,  by  tighteninij 
pulleys,  by  pulley  adjustment  (as  in  motor  drives',  or  by  shorten- 
ing the  belt  from  time  fo  time  as  needed.  It  is  worth  noting, 
however,  that  for  the  most  economical  life  of  the  belt  it  would  be 
very  desirable  in  every  case  to  weigh  the  tension  by  a  spring  bal- 
ance when  giving  the  belt  its  initial  tension.  This,  however,  is 
not  always  easy  or  even  feasible;  hence  it  is  a  refinement  with 
which  good  practice  usually  dispenses,  except  in  the  case  of  large 
and  heavy  belts. 

PROBLEMS  ON   BELTS. 

1.  Determine  the  belt  tensions  in  a  laced  belt  transmitting  50 
horse-power  at  a  velocity  of  3,500  feet  per  minute.  Suppose  that 
(lie  arc  of  contact  is  ISO';  weight  of  belt  =  .035  pound  per  cub. 
in.;  and  coefficient  of  friction  25  per  cent. 

2.  What  is  the  width  of  above  belt  if  it  is  J^  inch  in  thick- 
ness ? 

3.  What  initial  tension  must  be  placed  on  above  belt  ? 

4.  The  main  drive  pulley  of  a  120-horse-power  water  wheel 
is  0  feet  in  diameter.  A  cemented  leather  belt  is  to  connect  the 
main  pulley  to  a  3-foot  pulley  on  the  line  shafting  in  a  mill.  The 
horizontal  distance  between  centers  of  shafting  is  24  feet;  coeffi- 
cient of  friction,  30  per  cent;  revolutions  per  minute  of  line  shaft- 
ing, ISO.     Design  the  belt  for  this  drive. 

5.  An  8-inch  double  belt  ^  inch  thick  connects  2  pulleys  of 
30-inch  and  20-inch  diameter  respectively.  The  horizontal  dis- 
tance between  the  centers  is  12.5  feet.  The  coefficient  of  friction 
is  0.3,  and  the  weight  of  belt  per  cubic  inch  is  0.035  pound. 
Working  tension,  300  pounds  per  square  inch.  Speed  of  belt 
5.000  feet  per  minute.  Lower  face  of  30-inch  pulley  is  the  driv- 
ing face.  Required  the  H.  P.  which  may  be  transmitted  (theo- 
retically). 

t).  Compare  tiie  theoretical  horse-power  in  problem  5  with 
that  obtained  by  the  use  of  empirical  formula. 
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PULLEYS. 

NOTATION— The  following  iiotatioD  is  >ise<i  throughout  thp  chapter  on  Pulleys: 

A  =Arcaof  rim  (sq.  in.).  I     =Iycngth  of  hnb  (inches). 

o  —    **     '*  arm  (  "      "  ).  N  =  Number  of  arms. 

ft  =Center  of  pulley  to  center  of  belt  n  =        "         "  rim  bolts,  each  side. 

(inches;  practically  eiiual  toK).  P  =  Driving  force  of  belt  (lbs.). 

T]  =Totnl  centrifugal  force  of  rim  (lbs.).  Pi  =  Force   at   circumference   of     shaft 
c    ^Distance  from  neutral  axis  to  outer  (lbs.). 

fiber  (inches).  Pj=fP"'orceatcircumforcDceof  huh  (lbs.). 

D  =Diametcr  of  pulley  (inches).  p  =Stressin  rim  due  tocentrifngal  force 
Di=:        *'           "  hub      (     *'     ).  (lbs.  per  sq.  in.), 

(f|  =        '•  "  bolt  at  root  of  thread  R  =Radius  of  pulley  (inches). 

(inches).  S  =Fiber  stress  (lbs.  per  sq.  in.), 

d  =I*iameter  of  boU  holes  (inches).  »  =Fiber  stress  in  flange  (lbs.  per  s<i.  in.). 

0  ^Acceleration    due    to     gravity    (ft.  T  =  Thickness  of  web  (inches). 

per  sec.).  f    =          "          '"  rim  (     "     ). 

h   =  Width  of  arm  at  any  section  (inches).  h  ~        "          "     "  bolt  flange  (inches). 

1  ^Moment  of  inertia.  Tii  =  Tension  of  belt  on  tight  side  (lbs.), 
t,  =Length  of  arm,  center  of  belt  to  hub  To=        "        "     "      "loose    "     ("  ). 

(inches).  i-    .-Velocity  of  rim  (ft.  per  sec.). 

I..|  =  Length  of  rim  flange  of  split  pulley        «•  =  Weight  of  material  (lbs.  pot  cub.  in.), 
(inches). 

ANALYSIS.  If  a  flexible  band  be  wrap[)ed  cowpleieli/ ahwit 
a  pulley,  and  a  heavy  stress  be  put  u|»on  each  end  of  the  band,th() 
rim  of  the  pulley  will  tend  to  collapse  just  like  a  boiler  tube  with 
steam  pressure  on  the  outside  of  it.  A  compressive  stress  is  in- 
duced which  is  very  nearlv  evenly  distributed  over  the  cross-sec- 
tion of  the  rim,  excej)t  at  ]»oints  where  the  arms  are  connected 
thereto.  At  these  points  the  arms,  actinif  like  rigid  posts,  take 
this  compressive  stress.  Now,  a  ])ulley  never  has  a  belt  wrapped 
rotiipletehf  TowliA  it,  the  fraction  of  the  circumference  embraced  i)y 
the  belt  being  usually  ai)OUt  \.  and  seldom,  even  with  a  tiffhtener 
pulley,  reaching  ^.  Assuming  the  wrap  to  be  ^  the  circumference, 
and  that  all  the  side  pull  of  the  lielt  comes  on  the  rim,  none  lieing 
transmitted  through  the  arms  to  the  hub,  \<«  then  have  one-half  of 
the  rim  pressed  hard  against  the  other  half  by  a  force  equal  to  the 
resultant  of  the  belt  tensions,  which,  in  this  case,  would  be  the 
sum  of  them.  Dividing  the  pulley  by  a  plane  through  its  center 
and  j)erpendicular  to  the  belt,  the  cross-section  of  the  rim  cut  by 
this  plane  has  to  take  this  compressive  stress- 

This  analysis  is  satisfactory  from  an  ideal  standpoint  only,  for 
the  intensity  of  stress  due  to  the  direct  y)ull  of  the  belt,  with  the 
usual  ])ractical  j)roportions  of  rim,  would  be  very  small.  More- 
over, the  element  of  s])eed  has  not  been  considered. 

When  the  pulley  is   under  speed,  a   set  of  conditions  which 
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complicates  matters  is  introduced.  The  centrifugal  force  due  to 
the  weif^lit  of  the  rim  and  arms  is  no  longer  negligible,  but  has 
an  important  influence  upon  the  design  and  material  used.  This 
centrifugal  force  acts  against  the  effect  of  the  belt  wrap,  tending 
to  reduce  the  compressive  stress,  or,  overcoming  the  latter  entirely, 
sets  up  a  tensional  stress  both  in  the  rim  and  in  the  arms.  It  also 
tends  to  distort  the  rim  from  a  true  circle  by  bowing  out  the  rim 
between  the  arms,  thus  producing  a  bending  moment  in  the  rim, 
maximum  at  the  points  where  the  rim  joins  each  arm. 

It  can  readily  be  imagined  that  the  analysis  in  detail  of  these 
various  stn'sses  in  the  rim  acting  in  conjunction  with  each  other 
is  quite  complicated  —  far  too  much  so  in  fact,  to  be  introduced 
here.  As  in  most  cases  of  such  design,  however,  one  controll- 
ing influence  can  be  separated  out  from  the  others,  and  the  de- 
sign based  thereon  with  sufficient  margin  of  strength  to  satisfy 
the  more  obscure  conditions.  This  is  rational  treatment,  and  the 
"  theory  "  will  be  studied  accordingly. 

The  rim,  being  fastened  to  the  ends  of  the  arms,  tends,  when 
driving,  to  be  sheared  off,  the  resisting  area  l>eing  the  areas  of  the 
cross-sections  of  the  arms  at  their  point  of  joining  the  rim.  The 
force  that  produces  this  shearing  tendency  is  the  driving  force  of 
the  belt,  or  the  difference  between  the  tensions  uf  the  tight  and 
loose  sides. 

Again,  at  the  point  of  connection  of  the  arms  to  the  hub,  e 
shearing  action  takes  place,  so  that,  if  this  shearing  tendency  were 
carried  to  rupture,  the  hub  would  literally  be  torn  out  of  the  arms. 
Now,  viewing  the  arms  as  beams  loaded  at  the  end  with  the  driv- 
ing force  of  the  belt,  and  fixed  at  the  hub,  a  heavy  bending  stress 
is  set  up,  which  is  maximum  at  the  point  of  connection  to  the 
hull.  If  the  rim  were  stiff  enough  to  distribute  this  driving  force 
equally  between  the  arms,  each  arm  would  take  its  proportional 
share  of  the  load.  The  rim,  however,  is  quite  thin  and  flexible; 
and  it  is  not  safe  to  assume  this  perfect  distribution.  It  is  usual 
to  consider  that  one-half  the  whole  number  of  arms  take  the  full 
driving  force. 

THEORY — Pulley  Rim.  Evidently  it  is  practically  impossible 
to  iiiakL:  so  tliin  a  rim  that  it  will  collajjse  under  the  pull  of  a  belt. 
As  far  as  the  thconj  of  the  rim  is  concerned,  its  proportion  prob- 
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ably  depend?  more  upon  tlie  calculation  for  centrifugal  force  than 
upon  anything  else. 

In  order  to  sejiarate  this  action  from  that  of  any  other  forces, 
let  lis  sup])0se  that  the  rim  is  entirely  free  from  the  arms  and  hub, 
and  is  rotating  about  its  center.  Every  particle,  by  centrifugal 
force,  tends  to  fly  radially  outward  from  the  center.  This  condi- 
tion is  represented  in  Fig.  19.  The  tendency  with  which  one-half 
of  the  rim  tends  to  fly  apart  from  the  other  is  indicated  by  the 
force  C, ;  and  the  relation  between  C,  and  the  small  radial  force  c 
for  each  unit-length  of  rim  can  readily  be  found  from  the  prin- 
ciples of  mechanics.  The  case  is  exactly  like  that  of  a  boiler  or  a 
thin  pipe  subjected  to  uniform  internal  pressure,  which,  if  carried 
to  rupture,  would  split  the  rim  along  a  longitudinal  seam. 


c, 


Fig.  19.  Fig.  20. 

The  tensile  stress  thus  induced  jmt  scjiiare  inch  can  be  found 
by  simple  mechanics  to  be: 


P 


ff 


(17) 


or,  since  v  =  0.26  pound,  and  g  =  ;32.2  feet  per  second, 

y>  =  0.097  r     (  say^)  ;  (l8) 

and,  \{  ji  l>e  taken  equal  to  1,000  pounds  per  s(|uare  inch,  which  ia 
as  high  as  it  is  safe  to  work  cast  iron  in  this  place, 

V  =  100  feet  per  second.  ('9) 

This  shows  the  curious  fact  that  the  intensity  of  stress  in  the  rim 


MACHINE  DESIGN 


89 


is  directly  proportional  to  the  square  of  the  linear  velocity,  and 
wholly  iiulejiendent  of  the  area  of  cross -section.  It  is  also  to  be 
noted  that  100  feet  per  second  is  about  the  limit  of  speed  for  cast- 
iron  pulleys  to  be  safe  against  bursting. 

If  we  wish  to  consider  theoretically  the  rim  together  with  the 
arms  as  actually  connected  to  it,  we  get  a  much  more  complicated 
relation.  This  condition  is  shown  in  Fig.  20,  where  the  rim,  ex- 
])anding  more  than  the  arms,  bulges  out  between  them.  This 
makes  the  rim  act  something  like  a  continuous  beam  uniformly 
loaded;  but  even  then  the  resulting  stress  is  not  clearly  defined  on 
account  of  the  variable  stretch  in  the  arms.  Investigation  on  this 
basis  is  not  needed  further  than  to  note  that  it  is  theoretically 
better,  in  the  ease  of  a  split  pulley,  to  make  the  joint  close  to  the 
arms,  rather  than   in  the  middle  of   a  span. 

Pulley  Arms.  The  centrifugal  force  developed  by  the  rim 
and  arms  tends  to  pull  the  arms  from  the  hub.  On  the  belt  side, 
this  is  balanced  to  some  extent  by  the  belt  wrap,  which  tends  to 
compress  the  arm  and  relieve  the  tension.  On  the  side  away 
from  the  belt,  the  centrifugal  action  has 
full  play,  but  the  arm  is  usually  of  such 
cross-section  that  the  intensity  of  this  stress 
is  very  low.      It  niay  safely  be  neglected. 

The  rim  being  very  thin  in  most  cases, 
its  distributing  effect  cannot  be  depended 
on.  hence  the  driving  force  of  the  belt  may 
be  taken  entirely  by  the  arms  immediately 
under  the  portion  of  the  belt  in  contact  with 
the  pulley  face.  For  a  wrap  of  180'' this 
means  that  only  one-half  of  the  pulley  arms  can  be  considered  as 
effective  in  transmitting  the  turning  effort  to  the  hub.  Each  of 
these  arms  is  a  lever  fixed  at  one  end  to  the  hub  and  loaded  at  the 
otliei'.  A  lever  of  this  description  is  called  a  *•  cantilever  "  beam, 
its  maximum  moment  existing  at  its  fixed  end.     The  load  that  each 


of  these  beams  may  be  subjected  to  's-^^,  and  therefore  the  maxi- 

2PL 

3S    ■ 


mnm  external  momeat  at  the  hv\)  is 


From    mechanics  we 


90  MACHINE  DESIGN 


know  tli;it  tlie   inttTiial  iiioiiieiit  of   resistance  of  any  heaiii  section 

is  ^,  and    that  equililiriuin    of    the    heani    can    he   satisfied  only 

when  the  external  nionient  is  erjual  to  the  internal  moment  of  re- 
sistance of  the  beam  section.    •E(juating  these  two,  we  have: 

2PL        SI  ^       , 

Tiie  arms  of  a  ymlley  are  usually  of  the  elli|)tical  or  se<^iiiental 
cross-section,  and    may  he   of    the  |)ro|poi'lions    siiown    in    Fij^.  21. 

For  either  of  these  sections  the  fraction         is  approximately  equal 

to  0.0393//'.  For  convenience  (the  error  caused  being  on  the  safe 
side),  L  may  be  taken  as  equal  to  the  full  radius  of  the  pulley  R, 
whence 

in  wiiich  S  may  i)e  from  2,000  to  2,200  for  cast  iron 

Taking  moments  about  the  center  of  the  pulley,  and   solving 
for  P„  the  force  acting  at  the  circumference  of  the  hub,  we  have  : 

2PR      PJ), 

N    ~    2    ' 

4PR  .     . 

or  r,  =  -^^  (22) 

The  area  of  an  elli|)tical  section  is  i"  times  the  ])roduct  of  the 
half  axes.     "With  the  jirojiortions  of  Fig.  21,  this  becomes: 

'^  =  TT  X  0.2//  X  0.5//  =  yj-"  (23) 

Eijuating  the  external  force  to  the  internal  shearing  resistance,  we 
have  : 

4PR  _  ttPS, 
ND,  ~     10 
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in  which  tho  sliearing  stress  Sj.  may  run  from  1.500  to  1,800  for 
cast  irou. 

Althoiipli  Ijoth  bending  and  shearing  stresses  as  calculated 
above  exist  at  the  base  of  the  anus,  the  bending  is,  in  practically 
every  case,  the  controlling  factor  in  the  design  of  the  arms.  An 
arm-section  large  enough  to  i-esist  bending  would  have  a  very  low 
intensity  of  shear. 

If  the  number  of  arms  be  increased  indelinitely,  we  come  to 
a  continuous  arm  or  web,  in  which  the  bending  action  is  elimi- 
nated. It  may  still  shear  off  at  the  hub,  where  the  area  of  metal 
is  the  least,  at  minimum  circumference.  In  this  case  the  area 
under  shearing  stress  is  ttDiT;  and  the  force  at  the  circumference 
of  the  hub,  is 

PR  _2PE 

2 
Equating  external  force  tu  in- 
ternal shearing  resistance,  we 
have  : 

2PR 


D, 


7r  D.TS. 


or,     S,  = 


2  PR 
TrDrT 


(25) 


Fig.  22. 


Pulley  Hub.     As  in  the 

ease  of  the  arras,  centrifugal 
force  does  not  play  much  part  in  the  design  of  the  hub  of  a  pulley. 
The  hub  is  designed  principally  to  carry  the  key,  and  through  it 
transmit  the  turning  moment  to  the  shaft.  Considered  thus,  the 
hub  maj-  tear  along  the  line  of  the  key  or  crush  in  front  of  the  key. 
For  example,  in  Fig.  22,  if  the  connection  with  the  lower 
arms  be  neglected,  and  the  upper  arras  be  held  fast  while  a  turning 
force  P,,  at  the  surface  of  the  shaft,  is  transmitted  to  the  hub 
through  the  key,  then  the  metal  of  the  hub  directly  in  front  of  the 
key  is  under  crushing  stress;  and  the  metal  along  the  line  eh,  from 
the  corner  tu  the  outside,  is  under  tensile  stress.  This  condition  is 
the  worst  that  could  possibly  hajjjjen.  because  the  bracing  effect  of 
the  lower  arms  has  been  neglected,  and  the  key  is  located  between 
the  arms. 
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Taking  nionients  alioiit  the  center  of  the  shaft,  the  value  of  the 
force  at  the  shaft  circumference,  or  the  "key  pull,''  i?:: 

P,  = (  26  ) 

Now-jT^  = —  .  I'  heins  the  distance  from    the  center   of  shaft   to 

center  of  eh,  and  the  area  of  metal  which  is  subjected  to  the  tearing 
action  P,  is  ^  X  eh.  Equating  the  external  force  to  the  internal 
resistance,  and  assuming  that  the  stress  is  equally  distributed  over 
the  area  /  X  eh,  we  have : 

/■  „        >■       PR      ^      , 
P3  =-  -^  P,  ==  -jp  X  -^  =  S  X  ^  X  t'  */ 

The  intensity  of  crushing  on  the  metal  in  front  of  the  key,  due 
to  force  P|,  depends  upon  the  thickness  of  the  key,  and  is  properly 
discussed  later  under  •■Keys." 

PRACTICAL  MODIFICATION  Pulley  Rim.  The  theoretical 
calculation  for  the  thickness  of  tlie  rim  may  give  a  thickness  that 
could  not  be  cast  in  the  foundry,  and  tlie  section  in  that  case  will 
have  to  be  increased.  As  light  a  section  as  can  be  readily  cast  will 
usually  be  found  abundantly  strong  for  the  forces  it  has  to  resist. 
A  minimum  thickness  at  the  edge  of  the  rim  is  about  y^^  inch; 
and  as  the  pulleys  increase  in  size,  the  rim  also  must  be  made 
thicker;  otherwise  the  rim  will  cool  so  uiuch  more  quickly  than 
the  arms,  that  the  ktter.  on  cooling,  will  develop  shrinkage  cracks 
at  the  point  of  junction. 

For  a  velocity  of  6.000  feet  per  minute,  we  find  from  equation 
18  that  the  tension  in  pounds  per  square  inch,  in  the  rim,  due  to 
centrifucral  force,  is  970.  Though  this  in  itself  is  a  low  value,  yet 
the  uncertain  nature  of  cast  iron,  its  condition  of  internal  stress, 
due  to  casting,  and  the  likely  existence  of  hidden  flaws  and  pockets, 
have  established  the  usage  of  this  figure  as  the  highest  safe  limit 
for  the  peripheral  sj)eed  of  cast-iron  pulleys.  It  is  easily  remem- 
bered that  cast-'iroii  pallcijs  at'c  nofefora  linear  velocity  ufahont 
one  mile  per  minute. 
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To  j)ivvent  the  belt  from  niiuiini;-  off  tlie  pulley,  a  "crown" 
or  roniulincf  surfaee  is  given  ihe  liiii.  A  ta[iere{l  face,  which  is 
more  easily  produced  in  the  ordinary  shoj),  may  be  used  instead. 
This  taper  should  be  as  little  as  possible,  consistent  with  the  belt 
staying  on  the  jiulley;  A  inch  ])er  foot  each  way  from  the  center 
is  not  too  much  for  faces  4  inches  wide  and  less;  while  above  this 
width  ^  inch  per  foot  is  enough.  As  little  as  ^  inch  total  crown 
has  been  found  to  be  sufficient  on  a  24-inch  face,  but  this  is 
probably  too  little  for  general  service. 

Instead  of  being  ''crowned."'  the  pulley  may  be  Hanged  at  the 
edges;  but  Hanged  pulley  rims  chafe  and  wear  the  edge  of  the  belt. 

The  inside  of  the  rim  of  a  cast-iron  pulley  should  have  a  taper 
of  A  inch  per  foot   to  ]ieriiiit    easy   withdrawal   from    the   foundry 
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mould.  This  is  known  as  "draft."  If  the  pattern  be  of  metal,  or 
if  the  pulley  be  machine-moulded,  the  greater  truth  of  the  casting 
does  not  require  that  the  inside  of  the  rim  be  turned,  as  the  pulley, 
at  low  speeds,  will  be  in  sufficiently  good  balance  to  run  smoothly. 
For  roughly  moulded  pulleys,  and  for  use  at  high  speeds,  however, 
it  is  necessary  that  the  rim  be  turned  on  the  inside  to  give  the 
pulle.ya  running  balance. 

Fig.  23  shows  a  plain  rim  a  also  one  stiffened  by  a  rib  h. 
Where  heavy  arms  are  used  this  rib  is  essential  so  that  there  will 
not  be  too  sudden  change  of  section  at  the  junction  of  rim  and  arm. 
and  consequent  cracks  or  spongy  metal. 

Pulley  Arms.  The  arms  should  lie  well  filletted  at  both  rim 
and  hub,  to  render  the  flow  of  metal  free  and  uniform  in  the  mould. 
The  general  proportions  of  arms-  and  connections  to  both  hub  and 
rim  mr.y  perhaps  be  best  developed  by  trial  to  scale  on  the  draw- 
ing board.     The  base  of  the  arm  being  determined,  it  may  gradu- 
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ally  taj)er  to  the  rim,  where  it  takes  about  the  relation  of  :]  to  ^ 
the  dimensions  chosen  at  the  hub.  The  taper  may  be  mollified 
until  it  looks  right,  and  then  the  sizes  checked  for  strength. 

Si.x  arms  are  used  in  the  great  majority  of  pulleys.  This 
number  not  only  looks  well,  but  is  adapted  to  the  standard  three- 
jawed  chucks  and  common  clamj)ing  devices  found  in  most  shops. 
Elliptical  arms  look  better  than  the  segmental  style.  The  flat, 
rectangular  arm  gives  a  very  clumsA-  and  heavy  appearance,  and  is 
seldom  found  except  on  the  very  cheapest  work. 

A  double  set  of  arms  may  be  used  on  an  excessively  wide 
face,  but  it  complicates  the  casting  to  some  extent. 

Although  a  web  pulley  may  be  calculated  for  shear  at  the 
hub,  vet  it  will  usually  be  found  that  with  a  thickness  of  web  in- 
termediate between  the  thickness  of  the  rim  and  that  of  the  hub, 
which  will  satisfy  the  casting  re(|uirements,  the  requirements  as  to 
strength  will  be  fully  met. 

Pulley  Hub.  The  hub  should  have  a  taper  uf  i  inch  per  foot 
draft,  similar  to  that  of  the  inside  of  the  rim.  The  length  of  the 
hub  is  arbitrary,  but  should  be  ample  to  prevent  rocking  on  the 
shaft.  A  common  rule  is  to  make  it  about  |  the  face  width  of 
the  pulley. 

The  diameter  of  the  hub.  aside  from  the  theoretical  consider. 
ation  given  above,  must  be  sufficient  to  take  the  wedging  action  of  a 
taper  key  without  splitting.  This  relation  cannot  well  be  calcu- 
lated. Probably  the  best  rule  that  exists  is  the  familiar  one  that 
the  hub  should  be  twice  the  diameter  of  the  shaft.  This  rule, 
however,  cannot  be  literally  adhered  to,  as  it  gives  too  small  hubs 
for  small  shafts  and  too  large  ones  for  large  shafts.  It  is  always 
well  to  locate  the  key,  if  possible,  underneath  an  arm  instead  of 
between  the  arms,  thus  gaining  the  additional  strength  due  to  the 
backing  of  the  arm. 

SPLIT  PULLEYS. 

ANALYSIS  and  THEORY.  The  split  pulley  is  made  in 
halves  and  provided  with  bolts  through  flanges  and  bosses  on  the 
hub  for  holding  the  two  halves  together.  When  the  pulley  is  in 
place  on  the  shaft,  bolted  up  as  one  piece,  it  is  subjected  to  the 
same  forces  as  the  simple  pulley.     Hence  its  general  design  fol- 
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lows  the  same  principles,  and  we  need  only  stiidj'^  tbe  fastenintr  of 
the  two  halves,  and  the  effect  of  this  fastenincr  on  the  detail  of  rim 
and  hub. 

The  simplest  stress  we  have  to  consider  on  the  rim  bolts  is 
one  of  pure  tension,  due  to  the  centrifugal  force  of  the  halves 
of  the  pulley,     A  safe  assumption   to  make  is  that  the  rim  is  free 


^^j 


from  the  arms  and  hub,  as  in  the  simple  jjuUey,  and  that  the  cen- 
trifugal force  developed  by  it  has  to  be  taken  by  the  rim  bolts 
alone.  In  other  words,  consider  the  rim  bolts  as  belonging  en- 
tirely to  the  rim,  and  make  them  as  strong  as  the  rim,  leaving  the 
hub  bolts  to  take  the  centrifugal  force  of  the  arms  and  hub.  and 
the  spreading  tendency  due  to  the  key. 

Another  tensile  stress  is  induced  in  the  rim  bolts  by  the  fact, 
that,  having  made  an  open  joint  in  the  rim,  and  in  addition  placed 
the  ext.-a  weight  of  lugs  there,  the  centrifugal  action  at  this  point 
is  increased,  and  at  the  same  time  a  point  of  weakness  in  the  rim 
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liilroduciHl.  licfeiTiiig  to  Fig.  24,  tin-  rim  flanges  E.T  ti'iid  to  lly 
out  due  to  the  feiitrifiifjid  force  Cp.  This  tends  to  open  the  joint 
.1  at  the  outside  of  the  rim  ;  to  throw  a  bending  stress  on  the  rim, 
niaxinnim  at  the  jioint  V  ;  and  to  "heel"  the  rim  flanges  about 
the  point  E.  The  rim  Imits  acting  on  the  leverage  c  about  the 
point  E  must  resist  these  tendencies,  and  are  thereby  put  in 
tension. 

Keferring  to  equation  IS,  we  find  the  intensity  of  stress  dne  to 
the  centrifugal  force  of  (be  rim  in  lbs.  per  scjuare  inch  to  be  : 


If  A  is  the  sectional  area  of  the  rim  in  s(|uare 
that  the  total  strength  of 
the  rim  is  represented    by 

— ^.    The    strength    of   a 

bolt  is  represented  by  the 

expression  — y —     It.  now, 

there  are  n  bolts  in  the 
ilancre.  the  total    resisting 

force  of  th^V)olts  is  — j — ; 

and  the  equation  represent- 
ing equality  of  strength  be- 
tween rim  and  bolts  is  : 


Ills  means 


(28) 


from  which,  by  a  proper 
assumption  of  the  fiber 
stress  S,  which   should  be  '^'  "^ 

low,  the  opening- up  tendency  of  the  joint  being  neglected,  the  diam- 
eter at  the  root  of  the  thread  rI^  may  be  calculated,  and  the  nom- 
inal bolt  diameter  chosen.  Reference  to  the  table  for  strength 
of  bolts,  ^iven  in  the  chapter  on  Bolts,  Studs,  etc.,  will  be  found 
convenient. 
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It  is  very.<.loul)tful  if  the  tension  on  the  flange  bolts,  due  to 
the  "  heeling"' iihont  E  can  be  calculated  with  sutticient  accuracy  to 
be  of  much  value.  It  is  probably  better  to  assume  8  at  a  low  value, 
say  4,00l),  and,  in  addition,  for  large  and  hiirh-speed  pulleys,  stif- 
fen the  rim  by  running  a  rib  between  the  flange  and  the  adjacent 
arm.  It  is  evident  that  if  we  make  the  rim  so  stiff  that  it  cannot 
deflect,  there  will  be  no  "heeling"  about  E  ;  and  the  bolts  will 
be  well  proportioned  by  the  preceding  calculation,  giving  them 
equal  strength  to  that  of  the  rim  section. 

For  the  bolt  flange  itself,  any  tendency  to  open  at  the  joint  J 
would  cause  it  to  act  like  a  beam  loaded  at  some  point  near  its 
middle  with  the  bolt  load,  and  supported  at  J  and  E.  This 
condition  is  shown  in  Fig.  25.  Probably  the  weakest  section 
would  be  along  the  line  of  the  bolt  centers.     We  have  just  noted 

/•    ,      ,    1       ■       t'^nd,-     ^^ 
that  the  carrving  capacity  or  the   bolts  is j Hence, assum- 
ing that  e  =  ^f,  which  is  about  the  worst  case  which  could  hap- 
jien.  we  have  a  beam  of  lengtli  r'loadeii  at  the  middle  with j — ■ 

and  supported  at  the  ends.  Equating  tlie  external  moment  to 
the  internal  moment,   we  have  : 

«SwZ,'       /*        .y(L,  ^  nd)t.: 

—r-^-¥= — 0 — "•  ^^^' 

from  which  the  flber  stress  .v  in  the  flange  may  be  calculated  and 
judged  for  its  allowable  value. 

L,  maybe  assumed  a  little  narrower  tlian  the  pulley  face;  and 
t,  from  1  inch  to  2  inches  or  more,  depending  on  the  tliickness  of 
the  rim. 

The  hub  bolts  doubtless  assist  the  rim  bolts  in  preventing 
the  halves  of  the  pulley  from  flying  apart.  They  also  clamp  the 
hub  tightly ,  to  the  shaft,  preventing  any  looseness  on  the  key. 
Their  function  is  a  rather  general  one;  and  the  specific  stress 
which  they  receive  is  practically  impossible  to  calculate.  As  a 
matter  of  fact,  if  the  hub  bolts  were  left  out  entirely,  the  pulley 
would  still  drive  fairly  well,  but  general  rigidity  and  steadiness 
would  be  impaired.  Hence  the  size  of  the  hub  l:)olts  is  more  a 
practical  question  than  one   involving  calculation.     The  rim  bolts 
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sliould  1h^  Kgured  first,  and  their  size  determined  on;  tlien  tlie  hub 
bolts  can  be  judtred  in  proportion  to  the  rim  liolts,  tiie  diameter  of 
shaft,  the  thiclvness  and  length  of  the  liub,  and  the  general  form 
of  the  pulley-  Often  appearance  is  the  deciding  factor,  it  being 
manifestly  inconsistent  to  associate  small  fastenings  with  large 
shafts  or  hubs,  even  thou(,di  the  load  be  actually  small. 

PRACTICAL  MODIFICATION.  Practical  considerations  are 
chiefly  responsible  for  the  location  of  the  joint  in  a  split  pulley 
between  the  arms  instead  of  directly  at  the  end  of  an  arm.  where 
theoretically  it  would  seem  to  be  required.  It  is  usually  more 
convenient  in  the  foundry  and  machine  shop  to  have  the  joint  be- 
tween the  arms;  so  we  generally  find  it  placed  there,  and  strength 
provided  to  permit  this.  It  is  possible,  however,  to  provide  a 
double  arm,  or  a  single  split  arm,  in  which  case  the  joint  of  the 
pulley  comes  at  the  arm,  and  the  "heeling"  action  of  the  rim 
flanges  is  prevented. 

Tlie  rim  bolts  should  be  crowded  as  close  as  j)03sible  to  the 
rim  in  order  to  reduce  the  stress  on  them,  and  also  the  stress  in 
the  fiange  itself.  The  practical  ])oint  must  not  be  forgotten,  how- 
ever that  the  bolts  must  have  sufficient  clearance  to  be  put  into 
place  beneath  the  rim. 

While  it  is  evident  that  the  rim  holts  are  most  effective  in 
tr.king  care  of  the  centrifugal  action  of  the  halves,  yet  in  small 
split  rulleys  it  is  quite  common  to  omit  the  rim  bolts  and  to 
use  the  rub  bolts  for  the  double  purpose  of  clamping  the  shaft 
and  holding  the  two  halves  together.  The  pulley  is  cast  with  its 
rim  continuous  throughout  the  full  circle,  and  it  is  machined  in 
this  form.  It  is  then  cracked  in  two  by  a  well-directed  blow  of  a 
cold  chisel,  the  casting  being  especially  arranged  for  this  along  the 
division  line  by  cores  so  set  that  but  a  narrow  fin  of  metal  holds 
the  two  parts  together.  This  provides  sufficient  strength  for  cast- 
ing and  turning,  but  permits  the  cold  chisel  to  break  the  connec- 
tion easily. 

SPECIAL  FORHS  OF  PULLEYS. 

The  plain  cast-iron  pulley  has  been  used  in  the  foregoing 
discussion  as  a  basis  of  design.  A  pulley  is,  however,  such  a 
common   commercial  article,  and  finds  such    universal   use.   that 
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special  forms,  which  can  be  boiitrht  in  the  open  market,  are  not 
only  cheaper  but  better  than  the  plain  cast-iron  pulley,  at  least  for 
regular  line-shaft  work. 

Cast  iron  is  a  treacherous  ami  unct-rtain  material  for  rims  of 
pulleys.  It  is  not  well  suited  to  high  fiber  stresses;  hence  the  range 
of  sj)eed  permissible  for  pulley  rims  of  cast  iron  is  limited.  Steel 
and  wrought  iron,  having  several  times  the  tensional  strength  of 
cast  iron,  and  being,  moreover,  much  more  nearly  homogeneous 
in  texture,  are  well  suited  for  this  work;  one  of  the  best  pulleys  on 
the  market  consists  of  a  steel  rim  riveted  to  a  cast-iron  spider. 
Such  an  arrangement  combines  strength  and  lightness,  without 
increasing  complication  or  expense. 

The  all-steel  pulley  is  a  step  further  in  this  direction.  Here 
the  rim,  arms,  and  hub  are  each  pressed  into  shape  by  specially 
devised  machinery,  then  riveted  and  bolted  together.  This  pulley 
is  strictly  a  manufactured  article,  which  could  not  comjiete  witii  the 
simpler  forms  unless  built  in  large  quantities,  enabling  automatic 
machinery  to  be  used.  Large  numbers  of  pulleys  are  built  in  this 
way.  and  are   put  on  the  market  at  reasonable  prices. 

Wood-rim  pulleys  have  been  made  for  many  years,  and, 
except  for  their  clumsy  appearance,  are  excellent  in  many  respects. 
The  rim  is  built  up  of  segments  in  much  the  same  way  as  an  ordi- 
nary pattern  is  made,  the  segments  being  so  arranged  that  they 
will  not  shrink  or  twist  out  of  shape  from  moisture.  The  hubs 
may  be  of  cast  iron,  bolted  to  wooden  webs,  and  carrying  hard- 
wood split  bushings,  which  may  be  varied  in  bore  within  certain 
limits  so  as  to  tit  different  sizes  of  shafting.  The  wooden  pulley 
is  readily  and  most  often  used  in  the  split  form,  thus  enabling  it 
to  be  put  in  position  easily  at  any  point  of  a  crowded  shaft.  It  is 
often  merely  clamped  in  place,  thus  avoiding  the  use  of  keys  or 
set  screws,  and  not  burring  or  roughening  the  shaft  in  any  way. 

PROBLEMS  ON  PULLEYS. 

1.  Calculate  the  tensile  stress  due  to  centrifugal  force  in 
the  rim  of  a  cast-iron  pulley  30  inches  in  diameter,  at  500  revolu- 
tions per  minute. 

2.  The  driving  force  of  a  belt  on  a  36-inch  pulley  is  800 
lbs.,  and  the  belt  wrap  about  IbO".     Calculate  proportions  of  el- 
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liptical   arms  to  resist  beiulini;,   the  allowalilf  tihcr   stress  being 
2,000. 

■i.  A  [lulley  12  inches  in  diameter,  ^-incb  web,  liiich  diam 
eter  hill),  transmits  25  horse-power  at  a  belt  speed  of  i5,000  ft. 
j)er  minute.     Calculate  the  maximum  shearing  stress  in   the  web. 

1.  In  Fig.  24-  assume  the  following  data:  L,  =  '  7  inches; 
tj  -  1  inch;  ('^=1.',  inches;/"  3  inches;  area  of  rim  =  3  sq. 
in.;  allowable  tensile  stress  in  rim  l.lMtOlbs.  jier  ?(].  in.  Caloilatc 
the  dianjeter  of  the  rim  bolts. 

5.  Calculate  the  fiber  stress  in  tlie  rim  bolt  flange  along  the 
line  of  the  bolts. 

SHAFTS. 

N"i  IT.M'IO.N'— The  toIUiwinK  uotation  is  usorl  throughout  tlin  chiiptor  on  .Shafts : 

A,. -AiKtiil.nrdnnoction  (ilograes).  U  =Ij(!ngth  alons  shaft  (inchfls). 

H  iSimplo  bending  mi.mnnt.  (inch-lbs.).        Li,  L..  =  Longth  of  bearings  (inches.) 
Bt=E<)uivalent  bending  moment  (inch-        jj  =Distance  between  bearings  (feet.) 

„.'■'■       ,  ,  N  =Numbcr  of  revolutions  per  minute. 

c    =  Distance  from  neutral  axis  to  outer  „     „  .   .       ,  .  ,    ,,  ,,1.    , 

«.-.,,  P  =Dnvmg  force  of  belt  (lbs.), 

flber  (Inches).  „     r       1         i-  j         .  .    1 /lu    \ 

,,,..-r,-        L  t    ..I ei.  Pi^Load  applied  as  stated  (lbs.). 

fi,  rfot  rf2»   rfa,    d4=Uinmetors    of    shaft  ^*^ 

(inches).  ^  =  Radius  at  which  load  as  stated  acts 

di  =  Intemal  diameter  of  shaft  (inches).  (inches). 

E=Direct     modulus    of    elasticity    (a  S  =Fiber    stress,   tension,  compression, 
fgfio)  or  shearing  (lbs.  per  sq.  in.). 

e  =TransTer!!e  deflection  (inches).  T  =Simple  twisting  moment  (inch-lbs.). 

G=Transverso  modulus  of  elasticity  (a  T„=Equiyalent  twisting  moment  (inch- 
ratio).  "'^■>- 

H=Hors6-power  (.^-i.OOO  ft.-lbs.  per  min-  T„=Tension  in  tight  side  of  belt  (lbs.), 

ute).  T,.=Tension  in  loose  side  of  belt  (lbs.). 

I  =Moment  of  inertia.  W'=I..oad  applied  as  stated  (lbs.). 

K^Distance  between  bearings  (inches). 

ANALYSIS.  The  simplest  case  of  shaft  loading  is  shown  in 
Fig.  20.  The  equal  forces  AV.  similarly  applied  to  the  disc  at  the 
distance  K  from  its  center,  tend  to  twist  the  shaft  off,  the  tendency 
being  equal  at  all  points  of  the  length  L  between  the  disc  and  the 
post,  to  which  the  shaft  is  rigidly  fastened.  The  fastening  to  the 
post,  of  course,  in  this  ideal  case,  takes  the  place  of  a  resisting 
member  of  a  machine.  A  state  of  pure  torsion  is  induced  in  the 
shaft;  and  any  element,  such  as  ca,  is  distorted  to  the  position  ch, 
aob  being  the  angular  deflection  for  the  distance  L. 

The  case  of  Fig.  27  is  illustrative  of  what  occurs  when  a  belt 
pulley  is  snbstitute(i  for  the  simple  disc.  Here  the  twisting  action 
is  caused  by  the  driving  force  of  the  belt,  which  is  T^  -  T„  =  F. 
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acting  at  the. radius  K.  Torsion  and  ancrular  deflection  exist  in 
the  shaft,  as  in  Eiij.  ~t).  In  addition,  however,  another  stress  of 
a  different  kind  has  been  introduced;  for  not  only  does  the  shaft 
tend  t-o  be  twisted  off,  but  the  forces  T^  and  T„ ,  actincr  totrether, 
tend  to  bend  the  shaft,  the  bending  moment  varying  with  every 
section  of  the  shaft,  being  nothing  at  the  point  '•,  and  maximum 
at  the  point  c.  This  combined  action  is  the  most  common  of  any 
that  we  find  in  ordinary  machinery,  occurring  in  nearly  every  case 
with  which  we  have  to  deal. 

In  Fig.  27,  if  the  forces  T^  and  T^  be  made  equal,  there  will 
be  no  tendency  at  all  to  twist  off  the  shaft,  but  the  bending  will 
remain,  being  maximum  at  the  point  c.  This  condition  is  illustra- 
tive of  the  case  of  all  ordinary  pins    and  studs    in  machines.     In 

this  sense,  a  pin  or  a  stud  is  sim- 
ply a  shaft  which  is  fixed  to  the 
frame  of  the  machiiu-,  there  be- 
ing no  tenvlency  to  turning  of  the 
pin  or  stud  itself.  The  same 
condition  would  be  realized  if 
the  disc  in  Fig.  27  were  loose 
upon  the  shaft.  In  that  case, 
the  bending  moment  would  be 
caused  by  T„  +  T^  acting  with 
the  leverage  L.  Of  course  there 
would  have  to  be  some  resistance 
for  Tq-Tq  to  work  against,  in 
order  that  torsion  should  not  be 
transmitted  through  the  shaft. 
This  condition  might  be  intro- 
duced by  having  a  similar  disc 
lock  with  the  first  one  by  means 
of  lugs  on  its  face,  thus  receiving  and  transmitting  the  torsion. 

If  the  distance  L  becomes  very  great,  both  the  angular  deflec- 
tion due  to  twisting,  and  the  sidewise  deflection  due  to  bending, 
become  excessive,  and  not  permissible  in  good  design.  This 
trouble  is  remedied  by  placing  a  bearing  at  some  point  closer  to 
the  disc,  which,  as  it  decreases  L,  of  course,  decreases  the  bending 
moment  and  therefore  the  transverse  deflection.     The  angular  de- 
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flection  can  be  decreased  only  l>v  hriiiiriiiir  the  resistance    and  load 
nearer  together. 

The  above  implies,  of  course,  that  tlie  diameter  of  the  shaft  is  not 
changed;  it  being  obvious  that  increase  of  diameter  means  increase  of  strength 
and  corresponding  decrease  of  both  angular  and  transverse  deflection. 

If  the  speed  of  the  shaft  he  very  high,  and  the  distance  be- 
tween bearings,  represented  byL,  be  very  great,  the  shaft  will  take 
a  shape  like  a  bow  string  when  it  is  vibrated^  and  smooth  action 
cannot  be  maintained. 

It  is  necessary  to   carry  the  cases   of   Kig.s.   2*>    and   ~7  but  a 


single  step  farther  to  illustrate  the  actual  working  conditions  of 
shafting  in  machines.  Suppose  the  rigid  post  to  have  the  shaft 
passing  clear  through  it,  and  to  act  as  a  bearing,  so  that  the  shaft 
can  freely  rotate  in  it.  the  resistance  being  e.xerted  somewhere  be- 
yond. The  twisting  moment  will  be  unchanged,  also  the  bending 
moment;  but  the  effect  of  the  bending  moment  will  be  on  each 
particle  of  the  shaft  in  succession,  now  putting  compression  on  a 
given  particle,  and  then  tension,  then  compression  ao-aiii,  and  so 
on,  a  complete  cycle  being  prformed  for  each  revolution.     This 
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brings  out  a  very  important  difference  between  the  bending  stress 
in  pins  and  the  bending  stress  in  rotating  shafts.  In  the  one  case 
the  bending  stress  is  non-reversing;  in  the  other,  reversing;  and 
a  much  higher  fiber  stress  is  permissible  in  the  former  than  in  the 
latter. 

THEORY — Simple  Torsion.  In  the  case  of  simple  torsion 
the  stress  induced  in  the  shaft  is  a  shearing  one.  The  external 
inoinsnt  act.5  about  the  axis  of  the  shaft,  or  is  a  polar  moment; 
hence  in  the  expression  for  the  moment  of  the  internal  forces,  the 
polar  moment  of  inertia  must  be  used.  Now,  from  mechanics  we 
have: 

C 
I  <l^ 

and  —  = -j^-^    (for  circular  section  of  diameter*/); 

c        5.1  ' 

therefore,  T  =  j^,  (30) 

from  which  the  diameter  for  any  given  twisting  moment  and  fiber 
stress  can  readily  be  found. 

For  a  hollow  shaft  this  expression  becomes: 


5.1^/„ 


(31) 


Simple  Bending.  The  stresses  induced  in  a  pin  or  shaft  under 
simple  bending  are  compression  and  tension.  The  external  moment 
in  this  case  is  transverse,  or  about  an  axis  across  the  shaft;  hence 
the  direct  moment  of  inertia  is  applicable  to  the  equation  of  forces. 

B  =  ^; 

I  (P 

and  "~  ^^  T7r9  (for  circular  section  of  diameter  </); 

therefore,  ^="1^-  (3^) 

For  a  hollow  shaft  or  pin  this  expression  becomes: 

B=^r^-  (33) 

Combined  Stresses.     In  the  greater  number  of  cases  met  with 
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in  practice,  we  find  two  or  more  simple  stresses  actinir  jit  the  same 
time,  and,  althongh  tbe  sbaft  m<iy  be  strong  enough  for  any  one  of 
them  alone,  it  may  fail  nnder  their  combined  action.  The  most 
common  cases  are  discussed  below. 

Tension  or  Pressure  Combined  witli  Bending.  In  I'ig.  28, 
the  load  W  jiroduces  a  tension  acting  over  the  wliole  area  of //,  due 
to  its  direct  p\ill.  It  also  produces  a  bending  action  due  to  the 
leverage  R,  which  puts  the  fibers  at  B  in  tension  and  thos(^  at  the 
opposite  side  in  compression.  It  is  evident,  therefore,  that  by 
taking  the  algel)raic  sum  of  the  stresses  at  either  side  we  shall 
obtain  the  net   stress.     It   is  also  evident   that   the   greatest  and 


Fig.  28.  Kig.  29 

controllincr  stress  will  occur  on  the  side  where  the  stresses  add,  or 
on  the  tension  side.     Hence,  from  mechanics, 

•4W 


W 


Also, 


S  = 


trd- 
WR 
10.2  WR 


due  to  direct  tension).      (34) 


10:2' 


(due  to  bending).       (35) 


^ence  the  combined  tensional  stress  acting  at  the  j)oint  B,  or,  m 
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fact,  at  any  point  on  the  extreme  outside  of  the  vertical   shaft  to- 
ward the  force  W,  is: 


■iW      10.2  WR 


ird' 


d' 


(36) 


If  W  acted  in  the  opposite  direction,  the  greatest  stress  would 
still  be  at  the  side  B,  but  would  be  a  compression  instead  of  a  ten- 
sion, of  the  same  magnitude  as  before. 

Tension  or  Compression  Combined  with  Torsion.  In  Fig.  29, 
V  might  lie  the  end  loul  on  a  vertical  shaft;  and  the  two  forces  W 
might  act  in  conjunction  with  it  as  in  the  case  of  Fig.  26,  at  the 
radius  R.  This  case  is  not  very  often  met  with.  It  is  usually 
possible  to  combine  the  moments,  find  an  e(]uivalent  moment  of  a 
simple  kind,  and  use  the  corresponding  simple  liber  stress.  In  the 
case  in  question  we  have  a  direct  stress  to  be  combined  with  a 
shearincr  stress,  and  mechanics  trives  us  the  followin<x  solution: 


J 


Fig.  30. 


Let  Sg  ■-=  simple  shearing  stress  (lbs.  per  sq  in.). 
Let  Sg  =;  simple  compressive  stress  (lbs.  per  sq.  in.). 
Let  Sfg=-  resultant  shearing  stress  (lbs.  per  sq.  in.). 
Let  Bjj=resultant  compressive  stress  (lbs.  per  sq.  in.). 
We  then  have  : 


2WR  = 


5.1(2WR) 
~1F 


(37) 


Also. 


V  = 


7r./^S„ 
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Se  =  ^V.  (38) 

Now,  from  a  solution  given  in  simplest  form  in  ••  Mcrriman's 
Mtvlianics" — wliicli  the  student  may  consult,  if  desired — values 
for  the  resultant  stresses  can  l)e  found.  AVhichever  of  these  is 
the  critical  one  for  the  material  Uried.  should  form  the  basis  for  its 
diameter: 


\|s/+t'  (39) 


Ss' 

^t; 

,!. 

4 

s„ 


Also.  s„=-|5-^-^i'S/^^.  (40) 

Bending  Combined  with  Torsion.  In  Fiu;.  HO,  the  load  W 
acts  not  only  to  twist  the  shaft  off.  but  also  presses  it  sidewise 
against  the  bearing.  As  it  is  usually  customary  to  figure  the 
ma.xintum  moment  as  taking  place  at  the  center  of  the  bearing, 
the  length  L,  wliich  determines  the  bending  moment,  is  taken  to 
that  jioiiit.  Till'  theory  of  the  stress  induced  in  this  case  is  com- 
plicated. In  6rder  to  make  the  magnitude  of  the  moments  clearer, 
let  us  introduce  the  two  eijual  and  ojiposite  forces  Y  and  F',  eacli 
e()ual  to  W.  at  the  point  ('.  We  can  evidently  do  this  without 
changing  the  eijuilibrium  of  the  shaft  in  anyway.  We  now  see 
that  W  and  K'  act  as  a  couple  giving  a  twisting  moment  WR  ; 
and  that  V  acts  with  a  leverage  L,  j^roducing  a  bentiing  moment 
FL  =  AVL,  at  the  middle  of  the  bearing. 

If,  now,  we  find  an  e(jHivalent  twisting  moment,  or  an  equiv- 
alent bending  moment,  which  would  produce  the  .same  effect  on 
the  fibers  of  the  shaft  as  the  two  combined,  we  can  treat  the  cal- 
culation of  the  diameter  as  a  simple  case,  and  proceed  as  in  the 
cases  of  simple  torsion  and  simple  bending  considered  above.  This 
relation  is  given  us  in  mechanics: 


B        1 


B.  =  f  +  ^^'B.  +  T..  ,„) 


%=B  +  ^B-  +  T.  (42) 


These  expressions  are  true  in  relation  to  each  other,  on  the  assump- 
tion that  the  allowable  fiber  stress  S  is  the  same  for  tension,  com- 
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pression,  and  shearing.  For  the  material  of  which  shafts  are  usu- 
ally made,  this  is  near  euouirh  to  the  truth  to  give  safe  and  practi 
cal  results.  I'sing  tlie  expressions  for  internal  moments  of  resist- 
ance as  previously  noted  for  circular  sections,  we  then  have  : 

B.  =  ^-  (43) 

Also,  T,=|^'.  (44) 

Either  equation  may  he  used  ;  the  diameter  (/  will  result  the  same 
whichever  equation  is  taken.  For  the  sake  of  simplicity,  equation' 
4-  is  generally  preferred,  equation  44  being  taken  in.  conjunction 
with  it. 

The  expression  V  B"  +  T-  is  one  that  would  be  a  long  and 
tedious  task  to  calculate.  By  inspection  it  is  readily  seen  that 
this  quantity  can  be  graphically  represented  by  means  of  a  right- 
angled  triangle  having  B  and  T  as  the  sides.  We  may  then  lay 
down  on  a  piece  of  paper,  to  some  convenient  scale,  the  moments 
B  and  T  as  the  sides  of  a  right-angled  triangle,  when,  upon 
measuring  the  hypothenuse,  we  can  easily  read  off  to  the  same 
scale  V  B"  —  'P.  Even  if  the  drawing  is  made  to  a  small  scale, 
the  accuracy  of  the  reading  will  be  sufficient  to  enable  the  value 
for  (/  to  be  solved  very  closely.  This  graphical  method  is  illus- 
trated in  Part  I. 

Deflection.  For  a  shaft  subjected  to  pure  torsion,  as  in  Fig. 
2l).  tne  angular  deflection  due  to  the  load  may  be  carried  to  a  cer- 
tain point  before  the  limit  of  working  fiber  stress  is  exceeded. 
The  equation  worked  out  from  mechanics  for  this  condition,  is: 

^o       584  TL  ..    . 

A°^-^j^,  ^45) 

which  at  once  gives  the  number  of  degrees  of  angular  deflection 
for  a  shaft  whose  modulus  of  elasticity,  torsional  moment,  and 
length  are  known. 

The  shearing  modulus  of  elasticity  of  ordinary  shaft  steel  runs  from 
10,000,000  to  13,000,000,  giving  as  an  average  about  12,000,000. 

By  the  well-known  relation  of  "  Hooke's  law  "  (stresses  pro- 
portional to  strains  within  the  elastic  limit  of  the  material),  we  have: 
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A  twist  of  one  degree  in  a  lenorth  of  twenty  liiainetera  is  a 
usual  allowaniv.  Suhs^titutintr  A  =  1.  L  =^  2()d,  and  (t  =  12.000, 
(»0(>.  w.'  liavc: 

S  =  5.240  (^nearly ).  (  47) 

This  is  a  safe  value  for  shearing  fiber  stress  in  steel,  in  fact,  in 
ealcnlations  for  strength,  even  for  reversing  stresses,  the  usual 
figure  is  8,000  (Ihs.  j)er  square  inch"),  thus  indicating  that  the  re- 
lation of  one  degree  to  twenty  diameters  is  well  within  the  limit 
of  strength. 

For  a  hollow  shaft  the  aliove  formula  hecomes  : 

Transverse  deflection  occurs  when  the  shaft  is  subjected  to  a 
bending  moment.  It  may  therefore  exist  alone  or  in  conjunction 
with  angular  deflection.  Transverse  deflection  of  shafts,  however, 
rarely  exists  up  to  the  point  of  limiting  fiber  stress,  because  before 
that  jioint  is  reached  the  alignuient  of  the  sliaft  is  so  disturbed 
that  it  is  not  practicable  as  a  device  for  transmitting  power.  A 
transverse  deflection  of  .01  inch  per  foot  of  length  is  a  common 
allowance  ;  but  it  is  impossible  to  fix  any  general  limit,  as  in  many 
cas-is  this  figure,  if  exceeded,  would  do  no  harm,  while  in  others — 
such  as  heavily  loaded  or  high-speed  bearings — even  the  figure 
given  might  be  fatal  to  good  operation. 

The  formula  for  transverse  deflection,  deduced  from  mechan- 
ics, varies  with  the  system  of  loading.  The  three  most  common 
conditions  only  are  given  below,  reference  to  the  handbook  being 
necessary  if  other  conditions  must  be  sa'tisfied: 


Fixed  at  one  end,  Idaded  at  the  other. 


e  = 


3  EI 


(49) 
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Supportpil  at  ends,  Inaflod  in  niidille, 


(SO) 


Supported  at  ends,  loaded  uniformly, 

''  =  38TET-  (5') 

For  transverse  deflection  the  direct  modulus  of  elasticity  must 
be  used,  for  the  fibers  are  stretched  or  compressed,  instead  of  being 
subjected  to  a  shearing  action.  The  most  usual  value  of  the  di- 
rect modulus  of  elasticity  for  ordinary  steel  is  30.000,000,  and  is 
denoted  in  moat  books  by  the  symbol  E.  Both  the  shearing  and 
direct  moduli  of  elasticity  are  really  nothing  but  the  ratio  of  the 
stress  to  the  strain  produced  by  that  stress,  it  being  assumed  that 
the  given  material  is  perfectly  elastic.  A  material  is  supposed  to 
he  perfectly  elastic  up  to  a  certain  limit  of  stress,  and  it  is  within 
this  limit  that  the  relation  as  above  holds  good. 

Expressed  in  the  form  of  an  equation  this  would  be  : 

^  !>  SL  ,      ^ 

E  =  ^  =  ^^-  (52) 

L 

Centrifugal  Whirling.  If  a  line  shaft  deflect  but  slightly, 
line  to  its  own  weight,  or  the  weight  or  pressure  of  other  bodies 
ujiou  it,  and  then  be  run  at  a  high  speed,  the  centrifugal  force  set 
up  increases  the  detiection,  and  the  shaft  whirls  about  the  geomet- 
rical line  through  the  centers  of  the  bearings,  causino-  vibration 
and  wear  in  the  adjoining  members.  It  is  evident  that  the  prac- 
tical remedy  for  this  tendency  in  a  shaft  of  given  diameter  and 
speed  is  to  locate  the  bearings  sutficiently  close  to  render  the  action 
of  small  effect. 

Many  formulae  might  be  given  for  this  relation,  each  being 
based  on  different  assumptions.  Perhaps  as  widely  applied  and 
as  simple  as  any,  is  the  "  Rankine  "  formula,  which  sets  the  limit 
of  length  between  bearings  for  shafts  not  greatly  loaded  by  inter- 
mediate pulleys  or  side  strains  : 


M 


\||--  <^S3) 
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Horse-Power  of  Shafting.  Horse  power  is  a  certain  specific 
liite  of  tloimr  work,  v/.t.,  3;},(H)()  foot-pounds  per  minute.  Hence, 
to  lind  tlie  borse-])ower  that  a  shaft  will  transmit,  we  must  first 
iiiid  the  work  done,  and  then  relate  it  to  the  speed.  Take,  for  ex- 
ample,  the  case  of  a  pulley,  the  symbols  being  the  same  as  before 

namely,  P  ^^  driving  force  at  rim  of  pulley  (lbs.);  Tl  —  radiuB 

of  ])ulleY  (inches) ;  N  =  nuniber  of  revolutions  per  minute;  and 
H  =;  liorse-power.     Then, 


Work  :=  force 


distance  ^  P  X  f27rRN) 


N 


;{;{,()(iO  X  12; 
(54) 


This  is  one  of  the  most  useful  eipiations  for  calculations  involving 
horse-power.  By  it  the  number  of  inch-pounds  torsion  for  any 
horse-power  can  be  at  once  ascertained. 

It  should  be  clearly  noted,  however,  that  in  this  e(|uation  the 
bendintr  moment  does  not  enter  at  all.     Hence  any  shaft  based  in  ' 
size  on  home-jxiwer  alone^  is  based   on   furxionril  nuiment  alone,  i 
bending  ujoment   being  entirely   neglected.     In    many  cases  the  i 
bending  moment  is  the  controlling  one  as  to  limiting  fiber  stress. 
Hence    empirical    shafting  formulge  depending   upon   the  horse- 
])ower  relation  are  unsafe,  unless  it  is  definitely  known  just  what 
torsional  and  bending  moments  have  been  assumed. 

The  only  safe  way   to   figure   the  size   of    a  shaft   is   to  iind  | 
accurately  what  torsional  moment  and  bending  moment  it  has  to 
sustain,  and  then  combine  them  according  to  equation    11   or  42 
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iutroJucing  the  element  of  speed  as  basis  for  assumption  of  a  high 
or  low  workiiiit  tiher  stress. 

PRACTICAL  MODIFICATION.  The  practical  methods  of 
bandlincr  the  theoretical  shaft  equations  have  reference  to  the  fit  of 
the  shaft  within  the  several  pieces  upon  it.  The  running  tit  of  c 
shaft  in  a  bearing  is  usually  considered  to  be  so  loose  that  the  shaft 
could  freely  deflect  to  the  center  of  the  bearing.  This  is  doubtless 
an  extreme  view  of  the  case,  but  it  is  the  only  safe  assumption. 
Hence  a  shaft  running  in  bearings  (see  Fig.  31)  is  supposed  to  be 
supported  at  the  centers  of  those  bearings,  and  its  theoretical 
strength  is  based  on  this  supposition. 

For  a  tight  or  driving  fit  upon  the  shaft,  a  safe  assumption  to 
make  is  that  there  is  looseness  enough  at  the  ends  of  the  fit  to  per- 
mit the  shaft  to  be  stressed  by  the  load  a  short  distance  within  the 
faces  of  the  hub,  say  from  i  inch  to  1  inch.  For  example,  refer- 
ring to  Fig.  31,  suppose  P,  to  be  the  transverse  load,  exerted 
through  a  hub  fast  upon  the  part  of  the  shaft  d^.  Taking  mo- 
ments about  the  center  of  one  bearing,  and  solving  for  the  reaction 
at  the  center  of  the  other,  we  have  : 

P,  ^*=R,  K; 

Also,  P,  if  =  E,  K; 

R.  =  ^'-  (56) 

Now,  as  far  as  the  part  of  shaft  d^  is  concernea,  it  may  depend  for 
It:  size  on  the  bending  moment  R^  5,  or  on  R,  «.  The  reason  the 
lever  arm  is  not  taken  to  the  point  directly  under  the  load  P„  is 
because  it  is  not  practically  possible  to  break  the  shaft  at  that 
point,  on  account  of  the  reinforcement  of  the  hub,  which  is  tightly 
fitted  upon  it.  Trying  these  moments  to  see  which  is  the  crreater, 
we  shall  find  that  the  greater  moment  always  occurs  in  connection 
with  the  longer  lever  arm.  Hence  Rj  5  will  be  greater  than  R,  a. 
We  then  write  the  equation  oi  external  moment  =^  internal  mo- 
ment: 


815 
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'/,  =  ^( s"^-  (57) 

For  the  size  of  bearing  A  we  have  tlie  iii;ixiiiinm  bending  mo- 
n;eiit: 

L,_Srf^ 
^^  2  ~  10.2  ' 


1 10.2  Ii,L,  .   „ 

For  the  size  of  bearing  B  we  have  the  niaxiniuni  inunient: 

I.    L,    _S./; 
■  2  ~  10.2  ' 


;i 


10.2  lij..  .      . 

-^^---  ^59) 


The  above  calonlntions  are,  of  course,  on  the  assumption  that  no  torsion 
is  transmitted  either  way  through  this  axle.  We  should  in  that  case  have 
combined  torsion  anil  bending.  This  has  been  made  sufficiently  clear  in  pre- 
ceding paragraphs  and  in  Part  I,  to  require  no  further  illustration. 

The  dotted  line  in  Fig.  HI  shows  the  theoretical  shape  the 
axle  should  take  under  the  assumed  conditions.  The  practical 
modification  of  this  shape  is  obvious.  At  the  shoulders  of  the 
sliaft  the  corners  should  not  be  sharp,  but  carefully  filleted,  to 
avoid  the  possible  starting  of  a  crack  at  those  points. 

Often  the  diameter  of  certain  parts  of  a  shaft  may  be  larger 
than  strength  actually  calls  for.  For  example,  in  Fig.  81,  the 
part  d^  need  only  be  as  large  as  the  dotted  line;  but  it  is  obvious 
that  unless  the  key  is  sunk  in  the  body  of  the  shaft,  the  hub  could 
not  be  slipped  into  place  over  the  part  r/,.  If,  however,  the  diam- 
eter ^3  be  made  large  enough  so  that  the  bottom  of  the  key  will 
clear  fZ„  the  rotary  cutter  which  forms  the  key  way  in  d^  will  also 
clear  d^,  and  the  key  way  can  be  more  easily  produced. 

In  cases  where  fits  are  not  required  to  be  snug,  a  straight 
shaft  of  cold-rolled  steel  is  commonly  used.  Here  any  parts  fast- 
ened on  the  middle  of  the  shaft  have  to  be  driven  over  a  consider- 
able length  of  the  shaft  before  they  reach  their  final  position. 
Moreover,  there  is  no  definite  shoulder  to  stop  against,  and  meas- 
urement has  to  be  resorted  to  in  locating  thera. 
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It  does  not  pay  to  turn  any  portion  of  a  cold-rolled  shaft,  un- 
less it  be  the  very  ends,  for  relieving  the  "  skin  tension  "  in  such 
material  is  sure  to  throw  the  shaft  out  of  line  and  necessitate 
subsequent  straightening. 

Turned-steel  shafts  for  machines  may  with  advantage  be 
slightly  varied  in  diameter  wherever  the  fit  changes;  and  although 
the  production  of  shoulders  costs  something,  yet  it  assists  greatly 
in  bringing  the  parts  to  their  exact  location,  and  enables  the  work- 
man to  concentrate  his  best  skill  on  the  fine  bearing  fits,  and  to 
save  time  by  rough-turning  the  parts  that  have  no  fits. 

Hollow  shafts  are  practicable  only  for  large  sizes.  The  advan- 
tages of  removing  the  inner  core  of  metal,  aside  from  some  specific 
requirement  of  the  machine,  are  that  it  eliminates  all  possibility  of 
cracks  starting  from  the  checks  that  may  exist  at  the  center,  per- 
mits inspection  of  the  material  of  a  shaft,  and,  in  case  of  hollow- 
forged  shafts,  gives  an  opening  for  the  forging  mandrel.  In  the 
last  case,  the  material  is  improved  by  a  rolling  process. 

The  material  most  common  for  use  in  machine  shafting  is  the 
ordinary  '•  Machinery  Steel,"  made  by  the  Bessemer  process.  This 
steel  is  apt  to  be  "seamy,"  and  often  contains  checks  and  flaws 
that  are  detected  only  upon  sudden  and  unexpected  breakage  of  a 
part  apparently  sound.  This  characteristic  is  a  result  of  the  proc- 
ess employed  in  the  manufacture  of  the  steel,  and  thus  far  has 
never  been  wholly  eliminated.  Bessemer  steel  is,  nevertheless,  a 
very  useful  material,  and  the  above  weakness  is  not  so  serious  but 
that  this  kind  of  steel  can  be  used  with  success  in  the  great  majority 
of  cases. 

When  a  more  homogeneous  shaft  is  desired,  open^hearth  steel 
18  available.  This  is  a  more  reliable  material  toxise  than  the  Bes- 
semer, and  costs  somewhat  more.  It  makes  a  stiff,  true,  fine-sur- 
faced shaft,  high-grade  in  every  respect.  It  is  usually  specified 
for  armature  shafts  of  dynamos  and  motors. 

Steels  of  special  strength,  toughness,  and  elasticity  are  made 
under  numerous  processes.  Nickel  steel  is  perhaps  the  most  con- 
spicuous example.  While  for  this  steel  a  high  price  has  to  be 
paid,  yet  its  great  strength,  in  connection  with  other  valuable  qual- 
ities, makes  it  a  material  extremely  valuable  for  service  where  light 
weight  is  essential,  or  where  contracted  space  demands  small  siza 
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The  range  of  strcngtli  of  these  various  steels  is  so  great  that  it  is  well, 
nigh  useless  to  go  into  a  discussion  of  it  here.  Reference  should  he  had  to 
the  extended  discussions  of  the  handbooks,  and  to  special  trade  pamphlets. 
A  study  of  the  possibilities  of  steel  in  its  various  forms  for  use  in  shafting, 
is  very  valuable  as  a  basis  for  design,  as  it  can  almost  be  said  that  a  machine 
consists  chiefly  of  a  "collection  of  shafts  with  a  structure  built  round  them." 
The  shafts  are  like  a  core,  and  evidently  the  size  of  the  core  determines  the 
shell  about  it. 

PROBLEHS  ON  SHAFTS. 

1.  Required  tbe  twisting  moment  on  a  shaft  that  transmits 
30  horse-power  at  120  revolutions  per  minute. 

2.  Find  tlie  diameter  of  a  steel  shaft  designed  to  transmit  50 
horse-power  at  150  revolutions  per  minute. 

3.  Assunung  same  data  as  in  Problem  1,  find  the  dianieterB 
of  a  hollow  shaft  for  a  value  of  S  =  8,000. 

4.  A  belt  on  an  idler  pulley  embraces  an  angle  of  120 
degrees.  Assuming  tension  of  belt  1,000  pounds  on  each  side, 
and  pulley  located  midway  between  bearings,  which  are  30  inches 
from  center  to  center,  what  is  the  diameter  of  shaft  required  'i 

5.  Calculate  the  diameter  of  a  steel  shaft  designed  to  transmit 
a  twisting  moment  of  400,000  inch-pounds  and  also  to  take  a 
bending  moment  of  300,000  inch-pounds. 

6.  Find  the  angular  deflection  in  a  4-inch  shaft  20  feet  long 
when  subjected  to  a  load  of  5,500  pounds  applied  to  an  arm  of 
30-inch  radius.  Assume  transverse  modulus  of  elasticity  equal  to 
12,000,000. 

7.  The  overhung  crank  of  a  steam  engine  has  a  force  of 
32,000  lbs.  at  the  center  of  the  crank  pin,  which  is  12  inches  from 
the  center  of  the  shaft  bearing,  measured  parallel  to  the  shaft. 
The  radius  of  crank  arm  is  10  inches.  Assume  S  equal  to  10,000. 
Calculate  the  diameter  of  the  crank  shaft. 

8.  On  a  short,  vertical  steel  shaft  the  load  is  5,000  pounds. 
A  gear,  36  teeth,  li  diametral  pitch,  at  top  of  shaft,  transmits  a 
load  of  4,000  pounds  at  the  pitch  line.  Safe  shear  =  7,500.  What 
is  the  diameter  of  the  shaft  ? 

SPUR  GEARS. 

NOTATION— The  foUowing  notation  Is  used  throughout  the  chapter  on  Spur  Gears: 
6  =Breadth  of  rectangular  section  of       M,  Mi=Revolutlons  per  minute. 

arm  (Inches) .  ll,=Coefflclent  of  friction  between  teeth. 
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C  =Widtli   of   arm    exteuded  to  pitch  N=Niimber  of  teeth. 

Hue  (inches).  „  =Number  of  arms, 

c  =  Distance  from  neutral  axistoot.ter  P=Diametral  pitch  (teeth  per  inch  of 

tlber  (inches).  diameter). 

D=Pitch  diameter  of  gear  (Inches).  pi  =circular  pitch  (inches). 

F=Face  of  gear  (inches).  Q,  Qi=Normal  pressure  between  teeth 
1  =Clearance     of     tooth    at     bottom  (Ib.s.). 

(inches).  R.Ri=Resultan*;      pressure      between 
G=Thickness  of  arm  extended  to  pitch  teeth  (lbs.). 

line  (inches).  ,.,  ,i=Radius  of  pitch  circles  (inches). 

H=Thickness  of  tooth  at  any  section  s  =Plber  stre.ss  of  material  (lbs.  per 

(inches).  sq.  in.). 

(1  =  Depth  of  rectangular  section  of  arm  s  =Addendiim   of    tooth  (inches)=De. 

(inches).  dendum  of  tooth. 

I  =Moment  of  inertia.  ^  =Thickness   of   tooth   at   pitch   line 
K=Thicknessof  rim  (inches).  (inches). 

L=  Distance  from  top  of  tooth  to  any  \v=Load  at  pitch  line  (lbs.). 

section  (inches).  „  =coefHclent  for  " Lewis  "  formula. 

ANALYSIS.  If  a  cylinder  be  placed  on  a  plane  surface,  with 
its  axis  parallel  to  the  plane,  an  attempt  to  rotate  the  cylinder 
about  its  axis  would  cause  it  to  roll  on  the  plane. 

Again,  if  two  cylinders  be  provided  with  axial  bearings,  and 
be  slightly  pressed  together,  motion  of  one  about  its  axis  will 
cause  a  similar  motion  of  the  other,  the  two  surfaces  rolling  one 
on  the  other  at  their  common  tangent  line.  If  moved  with  care, 
there  will  be  no  slipping  in  either  of  the  above  cases — which  is 
explained  by  the  fact  that  no  matter  how  smooth  the  surfaces  may 
appear  to  be,  there  is  still  sufficient  roughness  to  make  the  little 
irregularities  interlock  and  act  like  minute  teeth. 

The  magnitude  of  the  force  possible  to  be  transmitted  de- 
pends not  only  on  the  roughness  of  the  surfaces,  but  on  the 
amount  of  pressure  between  them.  Suppose  that  one  cylinder  is 
a  part  of  a  hoisting  drum,  on  which  is  wound  a  rope  with  a  weio-ht 
attached.  We  can  readily  make  the  weight  so  great  that,  no  mat- 
ter how  hard  we  press  the  two  cylinders  together,  the  driving 
cylinder  will  not  turn  the  hoisting  cylinder,  but  will  slip  past  it. 
If  now,  instead  of  increasing  the  pressure,  which  is  detrimental 
both  to  cylinders  and  bearings  of  same,  we  increase  the  coarsijness 
of  the  surfaces,  or,  in  other  words,  put  teeth  of  appreciable  size 
on  tliese  surfaces,  we  attain  the  desired  result  of  positively  driving 
without  excessive  side  pressure. 

These  artificial  projections,  or  t(?eth,  must  fit  into  one  another; 
hence  the  surfaces  of  the  original  cylinders,  having  been  broken 
up  into  alternate   projections  and  hollows,  have  entirely  disap- 
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peared  to  the  eye;  they  nevertheless  exist  as  ideal  or  imaginary 
surfaces,  which  roll  together  with  the  same  surface  velocities  aa  if 
in  bodily  form,  provided  that  the  curves  of  the  teeth  are  correctly 
formed.  Several  mathematical  curves  are  available  for  use  as 
tooth  outlines,  but  in  practice  the  involute  and  cycloidal  curves 
are  the  only  ones  used  for  this  purpose. 

The  ideal  surfaces  are  known  as  pitch  cylinders  or  pitch 
circles.  In  Fig.  32  is  shown  an  end  view  of  .such  a  p;iir  of  cylin- 
ders in  contact  at  their  pitch  point  P.  In  gear  calculations  we 
assume  that  there  is  no  slip  between  the  pitch  circles,  acting  as 
driving  cylinders;  hence  the  speeds  of  tlie  two  pitch  circles  at  the 


Fig.  .32. 

pitch  point  are  equal.     If  M  and  M,  be  the  revolutions  per  minute 
of  the  cylinders  respectively,  r  and  i\  their  radii,  then 

2ir»'M  =  2  7rr,Mi; 

That  is,  the  number  of  revolutions  varies  inversely  as  the  radii. 

The  simple  calculation  as  above  is  the  key  to  all  calculations 
involving  gear  trains  in  reference  to  their  speed  ratio. 

Fig.  33  represents  cycloidal  teeth  in  the  two  extreme  positions 
of  beginning  and  ending  contact.  The  normal  pressure  Q  or  Q| 
between  the  teeth  in  each  position  acts  through  tlae  pitch  point  0, 
as  it  must  always  do  in  order  to  insure  the  condition  of  ideal  roll- 
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ing  of  the  pitch  circles,  and  the  velocity  ratio  proportional  to  — ^ 

As  the  surfaces  of  the  teeth  slide  together,  frictional  resistance  is 
produced  at  their  point  of  contact.  This  force  is  widely  variable, 
depending  on  the  material  and  condition  of  the  tooth  surfaces, 
whether  smooth  and  well  lubricated,  or  rough  and  gritty.  As  this 
resistance  acts  in  conjunction  with  the  normal  force  between  the 
teeth,  we  may  construct  a  parallelogram  of  forces  on  these  two  as 
a  base,  the  resultant  f)ressure  between  the  teeth  being  slightly 
changed  thereby,  as  shown  in  Fig  3-3. 

Assuming  a  coefficient  of  friction  fl,  the  force  of  friction  is  jU,  Q  or  [JL  Qi 
and  the  resultant  pressure  R  or  Ri. 

Tooth  B  of  the  follower  is  therefore  under  a  heavy  liending  moment 
measured  by  the  product  RL,  L 

being  the  perpendicular  distance  \ 

from  the  center  of  the  tooth  at  i  i 

its  base  to  the  line  of  the  force. 
This  tooth  also  has  a  relatively 
small  compressive  stress  due  to 
the  resolved  part  of  R  along  the 
radius,  and  a  relatively  small 
shearing  stress  due  to  the  re- 
solved part  of  R  along  a  tangent 
to  the  pitch  circle. 

Tooth  D  of  the  driven  wheel 
or  FOLLOWER  has  a  relatively 
large  shearing  stress,  a  small 
bending  moment,  and  practi- 
cally no  direct  compressive 
stress. 

Tooth  A  of  the  driving  wheel 
or  DRIVER  has  a  relatively  large 
shearing  stress,  a  small  bending  moment,  and  small  compressive  stress. 

Tooth  C  of  the  driver  has  a  large  bending  moment,  but  small  com- 
pressive and  shearing  stresses. 

The  conditions  as  noted  above  are  not  those  of  every  pair  of 
gears,  in  fact  they  vary  with  every  difference  of  pitch  circle,  or  of 
detail  and  position  of  tooth.  It  is  true,  however,  that  in  nearly 
all  cases  in  practice  the  bending  stress  is  the  controlling  one  from 
a  theoretical  standpoint.  Moreover,  the  designer  must  consider 
the  form  and  streugth  of  the  tooth  when  it  is  under  the  condition 
of  maximum  moment.  This  evidently,  from  the  above,  occurs  at 
the  beginning  of  contact,  for  the  follower  teeth;  and  at  the  end  of 
contact,  for  the  driver  teeth.     In  the  particular  case  illustrated  in 


118 


MACHINE  DESIGN 


Fig.  33,  if  the  material  in  both  gears  were  the  same,  tooth  (', 
being  the  weaker  at  the  root,  would  probably  break  before  B;  but 
if  C  were  of  steel,  anil  B  of  cast  iron,  B  might  break  first. 

It  will  be  noticed  that  II  is  nearly  parallel  to  the  top  of  the 
tooth;  and  it  may  easily  happen  that  the  friction  may  become  of 
such  a  value  that  it  will  turn  the  direction  of  K  until  it  lies  along 
the  top  of  the  tooth  exactly,  which  is  the  condition  for  maximum 
moment.  For  strength  calculations  it  is  usual  to  consider  this 
condition  as  existing  in  all  cases. 

At  the  beginning  of  contact  there  is  more  or  less  shock  when 
the  teeth  strike  together,  and  this  efiFect  is  much  more  evident  at 
high  speeds.  There  is  also  at  the  beginning  of  contact  a  sort  of 
chattering  action  as  the  driving  tooth  rubs  along  the  driven  tooth. 

Uniform  distribution  of  pressure  along  the  face  of  the  tooth  is 
often  impaired  by  uneven  wear  of  the  bearings  supporting  the  gear 
shafts,  the  pressure  being  localized  on  one  corner  of  the  tooth.  The 
same  effect  is  caused  by  the  accidental  presence  of  foreign  material 
between  the  teeth.  Again,  in  cast  gearing,  the  spacing  may  be 
irregular,  or,  on  account  of  draft  on  the  pattern,  the  teeth  may  bear 
at  the  high  points  only.  While  it  is 
usual  to  consider  that  the  load  is  evenly 
distributed  along  the  face  of  the  tooth, 
yet  the  above  considerations  show  that 
an  ample  margin  of  strength  must  al- 
ways he  allowed  on  account  of  these 
uncertainties. 

"When  the  number  of  teeth  in  the 
mating  gears  is  high,  the  load  will  be 
distributed  between  several  teeth  ;  but, 
as  it  is  almost  certain  that  at  some  time 
the  proper  distribution  of  load  will  not 

exist,  and  that  one  tooth  will  receive  the  full  load,  it  is  considered 
that  practically  the  only  safe  method  is  so  to  design  the  teeth  tliat 
a  single  tooth  may  be  relied  upon  to  withstand  the  full  load  without 
failure. 

THEORY.  Based  on  the  Analysis  as  given,  the  theory  of  gear 
teeth  assumes  that  one  tooth  takes  the  whole  load,  and  that  this  load 
isevenly  distributed  along  the  top  of  the  tooth  and  acts  parallel  with 


Fig.  34. 
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.'ts  base,  tlius  n-ducing  the  condition  of  tlie  tooth  to  that  of  a 
cantilever  lieiun.  The  magnitude  of  this  load  at  the  top  of  the 
tooth  is  taken  for  convenience  the  same  as  the  force  transmitted  at 
the  pitch  circle.  This  condition  is  shown  in  Fig.  34.  Equating 
the  external  moment  to  the  internal  moment,  we  then  have,  from 
mechanics: 

^^        SI        SFH^' 

WL=-  =  -^.  (6l) 

The  thickness  H  is  usually  taken  either  at  the  pitch  line  or  at 
the  root  of  the  tooth  just  before  the  fillet  begins;  and  L,  of 
course,  is  dependent  on  the  tooth  dimensions.  The  formula  is 
most  readily  used  when  the  oiitline  of  the  tooth  is  either  assumed 
or  known,  a  trial  calculation  being  made  to  see  if  it  will  stand  the 
load,  and  a  series  of  subsequent  calculations  followed  out  in  the 
same  way  until  a  suitable  tooth  is  found.  This  method  is  pursued 
because  there  are  certain  even  pitches  which  it  is  desirable  to  use; 
and  it  is  safe  to  say  that  any  calculation  figured  the  reverse  way 
would  result  in  fractional  pitches.  The  latter  course  may  be  used, 
however,  and  the  nearest  even  pitch  chosen  as  the  proper  one. 

As  stated  under  "Analysis,"  there  are  a  great  many  circum- 
stances attending  the  operation  of  gears  which  make  impossible 
the  purely  theoretical  application  of  the  beam  formulae.  For  this 
reason  there  is  no  one  element  of  machinery  which  depends  so 
much  on  experience  and  judgment  for  correct  proportion  as  the 
tooth  of  a  gear.  Hence  it  is  true  that  a  rational  formula  based  on 
the  theoretical  one  is  really  of  the  greater  practical  value  in  tooth 
design. 

If  we  examine  formula  ,01,  we  find  that  in  a  form  solved  for 
AV,  we  have: 

SFff  ,.    . 

W  =  -^^.  (62) 

Of  these  quantities,  H  and  L  are  the  only  variables,  for  we  can 
make  the  others  what  we  choose.  H  and  L  depend  upon  the 
circular  pitch  P'  and  the  curvature  and  outline  of  the  tooth.  If 
now  V,  e  conid  settle  orv  a  standard  system  of  teeth,  we  could  estab- 
lish a  coefiicient  to  ba  used  to  take  the  place  of  the  variable  part 
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of  H  and  L,  which  dejiends  on  the  outline  of  tooth,  and  we  should 
thus  have  an  empirical  fomiida  which  would  he  on  a  theoretical 
basis. 

This,    ilr.    "Wilfred   Lewis  has  done;     and   it  is    safe  to  say 
that  this  formula   is  more  universally  used  and  with  more  satis- 


factory practical  results  than  any  other  formula,  theoretical  or 
practical,  that  has  ever  been  devised.  His  coefficient  is  known  as 
y,  and  was  determined  from  many  actual  drawings  of  different 
forma  of  teeth  showing  the  weakest  section.  This  coefficient  is 
worked  out  for  the  three  most  commoQ  systems  as  follows: 

0.912 


For  20'  involute,     y  =  0.154 


For  15^  involute 


:  0.124 


and  cycloidal,     ^ 
For  radial  flanks,  y  =  0.075 


N 

0.684 

"NT' 

0.276 

N 


(63) 


(64) 


(6S) 


The  tooth  upon  which  the  above  is  based  is  the  American  standard  or 
Brown  &  Sbarpe  tooth,  for  which  the  proportions  are  shown  in  Fig.  35. 

The  "  Lewis  "  formula*  is: 

W  =  SP'  Fy.  (66) 

A  table  indicating  the  value  of  S  for  different  speeds  follows: 

Safe  Working  Stresses  for  Different  Speeds. 


Speed  of  teeth, 
ft.  per  rain. 

100 

200 

300 

600 

900     1200  1  1800  j 

2400 

Cast  iroii 

"8000 

6000 

4800 

4000 

300a    2400  !  2000  , 

170C 

steel 

20000  1  15000  1  12000 

10000 

750(J  1  6000  1  5000  ! 

4300 

*XofE.     A   full  and  convenient  statement  of  the  Lewis  formula  will 
be  found  in  "Kent 's  Pocket  Book.  " 
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A  usual  relation  of  F  to  P'  is: 


For  cast  teeth,  F  =  2P'  to  3P'. 


For  cut  teeth,  P  =  3Pi  to  4P'. 


(66) 

(67) 


The  usual  method  of  handling  these  formula  is  as  follows: 

The  pitch  circles  of  the  proposed  gears  are  known  or  can  be  assumed; 
hence  W  can  readily  be  figured,  also  the  speed  of  the  teeth,  whence  S  can 
be  read  from  the  table.  The  desired  relation  of  F  to  P'  can  be  arbitrarily 
'  liosen,  when  P'  and  y  become  the  only  unknown  quantities  in  the  equation. 
A  shrewd  guess  can  be^made  for  the  number  of  teeth,  and  y  calculated  there- 
from. Then  solve  the  equation  for  P'  which  will  undoubtedly  be  fractional. 
Choose  the  nearest  even  pitch,  or,  if  it  is  desired  to  keep  an  even  diametral 
pitch,  the  fractional  pitch  that  will  bring  an  even  diametral  pitch.  Now, 
from  this  final  and  corrected  pitch,  and  the  diameter  of  the  pitch  circle, 
calculate  the  number  of  teeth  N  in  the  gear.  Check  the  assumed  value  of  y 
by  this  positive  value  of  N. 

Another  good  way  of  using  this  formula  is  to  start  with   the 
pitch  and  face  desired,  and  the  diameter  of  the  pitch  circle.     In 


Fig.  .37 


this  case  W  is  the  only  unknown  quantity,  and  when  found  can  be 
compared  M-ith  the  load  required  to  be  carried.  If  too  small, 
make  another  and  successive  calculations  until  the  result  approxi- 
mates the  required  load. 

SPUR  GEAR  Rin,  ARHS,  AND  HUB. 

ANALYSIS  and  THEORY.  The  rim  of  a  gear  has  to  transmit 
the  load  on  the  teeth  to  the  arms.  It  is  thus  in  tension  on  one  side 
of  the  teeth  in  action,  and  in  compression  on  the  other.  The  sec- 
tion of  the  rim,  however,  is  so  dependent  on  other  practical  con- 
siderations which  call  for  an  excess  of  strength  in  this  respect,  that 
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it  is  not  considered  worth  while  to  attempt  a  calculation   on  tin's- 


Gears  seldom  run  fast  enough  to  make  necessary  a  calcnlation 
for  centrifugal  force  ;  and  in  general  it  can  be  said  that  the  design 
of  the  rim  is  entirely  dependent  on  practical  considerations.  These 
will  appear  later  under  "  Practical  Modification.  " 

The  arms  of  a  gear  are  stressed  the  same  as  pulley  arms,  the 
same  theory  answering  for  both,  except  that  a  gear  rim  always  be- 
ing much  heavier  than  a  pulley  rim,  the  distribution  of  load 
amongst  the  arms  is  better  in  the  case  of  a  gear  than  of  a  pulley, 
and  it  is  usually  safe  to  assume  that  each  arm  of  a  gear  takes  its  full 
])roportion  of  load  ;  or,  for  an  oval  section,  equating  the  external 
moment  to  the  internal  moment  as  in  the  case  of  pulleys,  we  have  ; 


WD 


=  0.0393  Sh\ 


(68) 


Heavy  sj)ur  gears  have  the  arms  of  a  cross  or  T  section  (Fig. 


•1 


r 


-^ 


Fig.  33. 

37),  the  latter  being  especially  applicable  to  the  case  of  bevel  gears 

where  there  is  considerable  side  thrnst.      The  simplest  way  of 

treating  such  sections  is  to  consider  that  the  whole  bending  moment 

is  taken  by  the  rectangular  section  whose  greater  dimension  is  in 

the  direction  of  the  load.     The  rest  of  the  section,  being  close  to 

the   neutral  axis   of  the  section,  is  of  little  value   in  resisting  the 

direct  load,  its   function   being  to  give  sidewise  stiffness.       The 

equation  for  the  cross  or  T  style  of  arm,  then  is  : 

W        D        SW  ,.    . 

(69) 


D 

XT 
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Either  J  or  h  may  be  assumed,  and  the  other  determined.  As  a 
guide  to  the  section,  b  may  be  taken  at  about  the  thickness  of  the 
tooth. 

Gear  hubs  are  in  no  wise  different  from  the  hubs  of  pulleys  or 
other  rotating  pieces.  The  depth  necessary  for  providing  suiB- 
cient  strength  over  the  key  to  avoid  sj)litting  is. the  guiding  ele- 
ment, and  can  usually  be  best  determined  by  careful  judgment. 

PRACTICAL  MODIFICATION.  The  practical  requirements, 
.which  no  theory  will  satisfy,  are  many  and  varied.  Sudden  and 
severe  shock,  excessive  wear  due  to  an  atmosphere  of  grit  and  corros- 
ive elements,  abrupt  reversal  of  the  mechanism,  the  throwing-in  of 
clutches  and  pawls,  the  action  of  brakes — these  and  many  other 
influences  have  an  important  bearing  on  gear  design,  but  not  one 
that  can  be  calculated.  The  only  method  of  procedure  in  such 
cases  is  to  base  the  design  on  analysis  and  theory  as  previously 
given,  and  then  add  to  the  face  of  gear,  thickness  of  tooth,  or  pitch 
an  amount  which  judgment  and  experience  dictate  as  sufBcient. 

Excessive  noise  and  vibration  are  difficult  to  prevent  at  high 
speeds.  At  1,000  feet  per  minute,  gears  are  apt  to  run  with  an 
unpleasant  amount  of  noise.  At  speeds  beyond  this,  it  is  often 
necessary  to  provide  mortise  teeth,  or  teeth  of  hard  wood  set  into 
a  cast-iron  rim  (see  Fig.  38).  Rawhide  pinions  are  useful  in  this 
regard.  Fine  pitches  with  a  long  face  of  tooth  run  much  more 
smoothly  at  high  speeds  than  a  coarse  pitch  and  narrow-faced  tooth 
of  equal  strength.  Greater  care  in  alignment  of  shafts,  however, 
is  necessary,  also  stiffer  supports. 

Should  it  be  impracticable  to  use  a  standard  tooth  of  suificient 
strength,  there  are  several  ways  in  which  we  can  increase  the 
carrying  capacity  without  increasing  the  pitch.     These  are: 

1.  Use  a  stronger  material,  siieh  as  steel. 

-.  Shroml  the  teeth. 

3.  Use  a  hook  tooth. 

4.  Use  u  stub  tooth. 

Shrouding  a  tooth  consists  in  connecting  the  ends  of  the  teeth 
with  a  rim  of  metal.  "When  this  rim  is  extended  to  the  top  of  the 
tooth,  the  process  is  called  "full-shrouding"  (Fig.  39);  and  when 
carried  only  to  the  pitch  line,  it  is  termed  '•  half-shronding" 
(Fig.  40).     The  theoretical  effect  of  shrouding  is  to  make  the  tooth 
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act  like  a  short  beam  built  in  at  the  sides;  and  the  tooth  will 
practically  have  to  be  sheared  out  in  order  to  fail.  This  modifica. 
tion  of  gear  design  requires  the  teeth  to  be  cast,  as  tlie  cutter 
cannot  pass  through  the  shrouding.  The  strength  of  the  shrouded 
gear  is  estimated  to  be  from  25  to  50  per  cent  abiive  that  of  the 
plain-tooth  type. 


Pig.  39. 


Fig.  40. 


Th(!  hook-tooth  gear  ( Fig.  41)  is  applicable  only  to  cases 
where  the  load  on  the  tooth  does  not  reverse.  The  working  side 
of  the  tooth  is  made  of  the  usual  standard  curve,  while  the  back  is 
made  of  a  curve  of  greater  obliquity,  resulting  in  a  considerable 
increase  of  thickness  at  the  root  of  the  tooth.  A  comparison  of 
strength  between  this  form  and  the  standard  may  be  made  by 
drawing  the  two  teeth  for  a  given  pitch,  measuring  their  thickness 
just  at  top  of  the  fillet,  and  finding  the  relation  of  the  squares 
of  these  dimensions.  The  truth  of  this  relation  is  readily  seen  from 
an  inspection  of  formula  61. 

The  stub  tooth  merely  involves  the  shortening  of  the  height 
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of  the  tooth  ill  order  to  reduce  the  lever  arm  on  which  the  load 
acts,  thus  reducing  the  moment,  and  thereby  jx-rmittincr  a  greater 
load  to  be  carried  for  the  same  stress. 

The  rim  of  a  gear  is  dependent  for  its  proportions  chiefly  on 
questions  of  jiractical  moulding  and  machining.  It  must  bear  a 
certain  relation  to  the  teeth  and  arms,  so  that,  when  it  is  cooling  in 
the  mould,  serious  shrinkage  stresses  will  not  be  set  up,  forming 
pockets  and  cracks.  Moreover,  when  under  pressure  of  the  cutter 
in  the  producing  of  the  teeth,  it  must  not  chatter  or  spring.  This 
condition  is  quite  well  attained  in  ordinary  gears  when  the  thick- 
ness of  the  rim  below  the  base  of  the  tooth  is  made  about  the  same 
as  the  thickness  of  the  tooth. 


LIGHT    PRESSURE. 
ON  BACK  OF  TOOTH. 
SS'lNVOLUTE^ 


LOADED  side: 

5°»»4V0UUTE:. 


Fig.  41. 

The  stiffening  ribs  and  arms  must  all  be  joined  to  the  rim  by 
ample  fillets,  and  the  cross-section  must  be  as  uniform  as  possible, 
to  prevent  unequal  cooling  and  consequent  pulling-away  of  the 
arms  from  the  rim  or  hub.  Often  the  calculated  size  of  the  arms 
at  both  rim  and  hub  has  to  be  modified  considerably  to  meet  this 
requirement. 

The  arms  are  usually  tapered  to  suit  the  designer's  eye,  a 
small  gear  requiring  more  taper  per  foot  than  a  large  one.  Both 
rim  and  hub  should  be  tapered  i  inch  per  foot  to  permit  easy 
drawing-out  from  the  mould. 

The  proportions  given  in  the  following  table  have  been  used 
with  success  as  a  basis  of  gear  design  in  manufacturing  practice. 
The  table  will  serve  as  an  excellent  guide  in  laying  out,  and  can  be 
closely  followed,  in  most  cases  with  but  slight  modification. 
Web  gears  are  introduced  for  small  diameters  where  the  arms  begin 
to  look  awkward  and  clumsy. 
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Gear  Design  Data. 

Measurements  given  in  inches.    Letters  refer  to  Fig.  43. 


Diametral  pitch  . . 

P 

H 

ii 

2 

2J 

3 

3i 

4 
2J 

1 

5 

2J 

1 1 

6 

n 

i 

n 

Face 

F 

6i 

H 

4| 

3| 

3i 

•21 

H 

Thickness  of  arm 
when  extended 
to  pitch  line. . .  . 

G 

If 

li 

U 

1 

i 

If 

i 

Width  of  arm  when 
extended    to 
pitch  line 

C 

4 

3J 

3 

2i 

2i 

2 

If 

1 

2 

n 

Thickness  of  rim . . 

K 

2| 

2f 

2i 

1| 

H 

1 

Depth  of  rib 

E 

2 

1| 

n 

H 

1 

^ 

i 

1 

i 

f 

Thickness  of  web. 

T 

n 

1 

i 

1 

f 

t\ 

i 

-r'. 

a 

« 
n 

Number  of  arms,  6. 

Give  inside  of  rims  and  huh  a  draft  of  i  inch  per  foot. 

BEVEL  GEARS. 

NOTATION— The  following  notation  is  used  throughout  the  chapter  o 


Bevel  Gean 


A  =Apex  distance  at  pitch  element  of 

cone  (inches). 
Ai=Apex    distance  at  bottom   element 

of  tooth  (inches). 
B  =.*Vngleof  bottom  of  tooth  (degrees). 
C  =PitchanpIe  (degrees). 
D  =Pitch  diameter  (inches). 
E  =Radius  increment  of  gear  (inches). 
F  =Face  of  gear  (inches.)- 
f    =Clearance  at  bottom  (inches). 
O  =Angle  of  face  (degrees). 
H  =:Cntting  angle  (degrees). 
K  =Radius       increment       of      pinion 

(inches). 
N  =Number  of  teeth. 
Ki=Formative     number    of    teeth,    or 

the  number  corresponding  to  the 

spur  gear  on  which  the  outline  of 

tooth  is  made. 

ANALYSIS.     It  is   possible  to   consider  bevel  gears  as  the 
general  case  of  which  spur  gears  are  a  special  form.     The  pitch 


O  D=Outside  diameter  (inches). 

P      ^Diametral  pitch  related  to  pitch 

diameter  (teeth  per  inch). 
P'    =Circular  pitch    measured  on  the 

circumference  of  D  (inches). 
S      =Working  strength  of  material  (lbs. 

per  sq.  in.). 
8       ^Addendum,   or   height   of    tooth 

above  pitch  line  (inches). 
«-}-/=  Depth  of  tooth  below  pitch  line 

(inches). 
T  .    =.\ngle  of  top  of  tooth  (degrees), 
f       ^Thickness  of  tooth  at  pitch  line 

(inches). 
W    =Workingload  at  pitch  line  (lbs.), 
y      =Factor  in  **liewi3"  formula. 
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surfaces  of  spur  gears  described  above  as  cylinders,  mathematically 
considered,  are  cones  whose  vertices  are  infinitely  distant,  while 
bevel  gears  likewise  are  based  on  pitch  cones,  but  with  a  vertex  at 
some  finite  point,  common  to  the  mating  pair.  Hence,  as  we 
might  expect,  the  laws  of  tooth  action  are  similar  in  bevel  gears 
to  those  in  the  case  of  spur  gears.  The  profile  of  the  tooth  in  the 
former  case,  however,  is  based,  not  on  the  real  radius  of  the  pitch 
cone,  but  on  the  radius  of  the  normal  cone  ;  and  in  the  develop- 
ment of  the  outline  the  latter  is  treated  just  as  though  it  were  the 
radius  of  a  spur  gear.  The  tooth  thus  formed  is  wrapped  back  up- 
on the  normal  cone  face,  and  becomes  the  large  end  of  the  taper- 
ing bevel-gear  tooth  (see  Fig.  4-1). 


Fig.  42. 


The  teeth  of  bevel  gears,  being  simply  projections  with  bases  on 
the  pitch  cones,  have  a  varying  cross-section  decreasing  toward  the 
vertex  ;  also  a  trapezoidal  section  of  root,  the  latter  section  acting 
as  a  beam  section  to  resist  the  cantilever  moment  due  to  the  tooth 
load. 

The  arms  must,  as  in  the  case  of  spur  gears,  transmit  the  load 
from  the  tooth  to  the  shaft;  in  addition,  the  arms  of  a  bevel  gear 
are  subjected  to  a  side  thrust  due  to  the  wedging  action  of  the 
cones.  Hence  sidewise  stiffness  of  the  arms  is  more  essential  in 
this  type  of  gear  than  in  the  case  of  the  spur  gear. 

THEORY.  It  is  evident  that  the  calculation  of  tooth  strength 
based  on  a  trapezoidal  section  of  root  would  be  somewhat  compli- 
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cated  ;  also  that  the  trapezoid  in  most  cases  would  be  l)iit  little 
different  from  a  true  rectangle.  Hence  the  error  will  be  but 
slight  if  the  average  cross-section  of  the  tooth  be  taken  to  repre- 
sent its  strength,  and  the  calculation  made  accordingly. 


33  4 
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Fig.  45  shows  a  bevel-gear  tooth  with  the  average  cross-sec 
tion  in  dotted  lines.  For  the  purpose  of  calculation,  the  assunip. 
tion  is  made  that  the  section  A  is  carried  the  full  length  of  the 
face  of  the  gear,  and  that  the  load  which  this  average  tooth  must 
carry  is  the  calculated  load  at  the  pitch  line  of  section  A.  This 
is  equivalent  to  saying  that  the  strength  of  a  bevel-gear  tooth  is 
equal  to  that  of  a  spur-gear  tooth  which  has  the  same  face,  and  a 
section  identical  with  that  cut  out  by  a  plane  at  the  middle  of  the 
bevel  tooth.  The  load,  as  in  the  case  of  the  spar  gear,  should  be 
taken  at  the  top  of  the  tooth;  and  its  magnitude  can  be  con- 
veniently calculated  at  the  mean  pitch  radius  of  the  bevel  face, 
without  appreciable  error. 

This  similarity  'o  spur  gears  being,  borne 

/=*,  in  mind,  the  calculation  for  strength  needs  no 

/ /  \  further  treatment.     Once  the  average  tooth  is 

I  [jl     1/  m     assumed  or  found  by  layout,  a  strict  following- 

//7\  /    m      out  of    the   methods   pursued  for  spur-gear 

//  T"/     Ml       teeth  will  bring  consistent  results. 

//Ta     /    /^  The  detail  design  of  a  pair  of  bevel  gears 

/  r/    \/i      Mi         involves   some  tricfonometrical  computations 

\        "  w         '"^  order  properly  to  dimension  the  drawing 

\ ^  for  use  in  finishing  the  blanks  and   subse- 

Fig.  45.  quently  in  cutting  the  teeth,  or,  in  the  case 

of  cast  gears,  in  making  the  pattern.  These 
calculations,  although  simple,  are  yet  apt  to  be  tedious;  and  inac- 
curacies are  likely  to  creep  in  if  a  definite  system  of  relations 
be  not  maintained.  Hence  the  results  of  these  calculations  are 
given  below  in  condensed  and  reduced  form.  The  deduction  of 
these  formuliE  is  a  simple  and  interesting  exercise  in  trigonometry; 
and  it  is  urged  that  they  be  worked  out  by  the  student  from  the 
figure,  in  which  case  he  will  feel  greater  confidence  in  their  use. 

Axes  of  Gears  at  90  Decrees. 

Use  subscript  1  for  gear;  P  for  pinion.     Letters  refer  to  Fig.  41. 

P=.4  =  ^-  (70) 

171) 
(72) 


N 

TT 

D 

=    pT 

1 

P' 

P 

^     77 

P' 

TT 

2 

-  2P 
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J P'  IT 

■^  =  l0  ~  20  -  20P' 


(73) 


tanC,,  =  j^:  tanCi  =  ^-  '■'^' 


s         2  sin  C 
tan  T   =  -r 


(75) 


tan  B  = 


A  -       N 
s+f      2.314  sin  C  .75, 


A      -  N 

1.15^ 
P 


1  157  '7'7\ 

s+/  =  AtanB  =  -^  =  0.368Pi.  *''' 

N  1         , 1  • I7H\ 

A  =  2P^i^  =  2P  1^N,=  +  Np^  =  ^  I     W  4-  W-   <^*' 

.,__A N  ,79) 

^  ~  cos  B  ~  2P  cos  B  sin  C     ■ 

Gi  =  90=-(Ci  +  T);  Gp  =  90°-(Cp  +  T).  (80) 

E  =  ScosCi=SsinCp  .  (81) 

K  =  S  cos  Cp  =  S  sin  C  (82) 

PRACTICAL  MODIFICATION.  The  practical  requirements 
to  be  met  iu  transmission  of  power  by  bevel  gears  are  the  same  as 
for  spur  gears;  but  in  the  case  of  bevel  gears  even  greater  care  is 
necessary  to  provide  stiffness,  strength,  true  alignment,  and  rigid 
supports.  As  far  as  the  gears  themselves  are  concerned,  a  long 
face  is  desirable;  but  it  is  much  more  difBcult  to  gain  the  ad- 
vantage of  its  strength  than  in  the  case  of  spur  gears,  because  full 
bearing  along  the  length  of  the  tooth  is  hard  to  guarantee. 

The  rim  usually  requires  a  series  of  ribs  running  to  the  hub 
to  give  required  stiffness  and  strength  against  the  side  thrust  vrhich 
is  always  present  in  a  pair  of  bevel  gears.  Instead  of  arms,  the 
tendency  of  bevel-gear  design,  except  for  very  large  gears,  is  toward 
a  web  on  account  of  the  better  and  more  uniform  connection 
thereby  secured  between  rim  and  hub.  This  web  may  be  lightened 
by  a  number  of  holes,  so  that  the  resultant  effect  is  that  of  a  num- 
ber of  wide  and  flat  arms. 

The  hubs  naturally  have  to  be  fully  as  long  as  those  of  spur 
gears,  because  there  is  greater  tendency  to  rock  on  the  shaft,  due 
to  the  side  thrust  from  the  teeth,  mentioned  above. 

The  teeth  on  small  gears  are  cut  with  rotary  cutters,  at  least 
two  finishing  cuts  being  necessary,  one  for  each  side  of  the  taper- 
incT  tooth.  The  more  accurate  method  is  to  plane  the  teeth  on  a 
special  gear  planer,  and  this  method  is  followed  on  all  gears  of 
any  considerable  size.  The  practical  requirement  here  is  that  no 
portion  of  the  hub  shall  project  so  as  to  interfere  with  the  stroke 
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of  the  planer  tool.  The  requirements  of  gear  planers  vary  Bome- 
what  in  this  regard. 

Finally,  after  all  that  is  possible  has  been  done  in  the  design 
of  the  gear  itself  to  render  it  suitable  to  withstand  the  varied 
stresses,  especial  attention  must  be  paid  to  the  rigidity  of  the 
supporting  shafts  and  bearings.  Bearings  should  always  be  close 
up  to  the  hubs  of  the  gears,  and,  if  jwssible  the  bearing  for  both 
pinion  and  gear  should  be  cast  in  the  same  j)iec<?.  If  this  is  not 
done,  the  tendency  of  the  separate  bearings  to  get  out  of  line  and 
destroy  the  full  bearing  of  the  teeth  is  difficult  to  control.  Thrust 
washers  are  desirable  against  the  hubs  of  both  pinion  and  gear; 
also  proper  means  of  well  lubricating  the  same. 

With  these  considerations  carefully  met,  bevel  gears  are  not 
the  bugbear  of  machine  design  that  they  are  sometimes  claimed 
to  be.  The  common  reason  why  bevel  gears  cut  and  fail  to  work 
smoothly,  is  that  the  gears  and  supports  are  not  designed  carefully 
enough  in  relation  to  each  other.  This  is  also  true  of  spur  gears, 
but  the  bevel  gear  will  reveal  imperfections  in  its  design  far  the 
more  quickly  of  the  two. 

WORM  AND  WORM  GEAR. 

NOTATION'— The  foUowinK  notation  is  used  throughout  the  chapter  oo  Worm,  aad 
Worm  Gear: 

D  =Pitch  diameter  of  gear  (inches).  PI  =Circular     pitch  =  Pitch    of   worm 

E  =EQicioncy  between  worm  shaft  and  thread  (inches). 

gear  shaft  (per  cent).  R   =Radiasof  pitch  circle  of  worm  gear 

f     ^Clearance     of    tooth     at     bottom  (inches). 

(inches).  s     =Addendnm  of  tooth  (inches), 

i     =: Index  of  worm  thread  (1  for  single*  T    =Twisting   moment    on   gear   shaft 

2  for  double,  etc.).  (inch-lbs.). 

L    =I#ead  of  worm  thread  (inches).  Tw=Twisting  moment  on  worm    shaft 

M   =Rcvolutions    of     gear    shaft     per  (inch-lbs.). 

minute.  i    =  Thickness  of  tooth    at    pitch   line 

Mw  =  Revolution5    of   worm    shaft     per  (inches). 

minute.  W  =Load  at  pitch  line  (lbs.). 
N   =Number  of  teeth  in  gear. 

ANALYSIS.  The  simj)lest  way  of  analyzing*  the  case  of  the 
worm  and  worm  gear  is  to  base  it  upon  an  ordinary  screw 
and  nut.  Take,  for  example,  the  lead  screw  of  a  common  lathe. 
The  carriage  carries  a  nut,  through  which  the  lead  screw  passes. 
By  the  rotation  of  the  screw,  the  carriage,  being  constrained  by  the 
guides  to  travel  lengthwise  of  the  ways,  is  moved.         This  motion 
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is,  for  a  single-threaded  screw,  a  distance  per  revolution  equal  to 
the  lead  of  the' screw. 

Now,  suppose  that  the  earriaife,  instead  of  sliding  along  the 
ways,  is  compelled  to  turn  about  an  axis  at  some  point  below  the 
ways.  Also,  suppose  the  top  of  the  nut  to  be  cut  off,  and  its  length 
made  endless  by  wrapping  it  around  a  circle  struck  from  the  center 
about  which  the  carriage  rotates.  This  reduces  the  nut  to  a 
jM'culiar  kind  of  spur  gear,  the  partial  threads  of  the  nut  now 
ha\  inir  the  appearance  of  twisted  teeth. 

Tliis  special  form  of  spur  gear,  based  on  the  idea  oC  a  threaded 
nut,  is  known  as  a  worm  gear,  and  the  screw  is  termed  a  worm. 
The  teeth  are  loaded  similarly  to  those  of  a  spur  gear,  but  with  the 
additional  feature  of  a  large  amount  of  sliding  along  the  tooth 
surfaces.  This,  of  course,  means  considerable  friction;  and  it  is  in 
fact  possible  to  utilize  the  worm  and  worm  gear  as  an  efficient 
device,  only  by  running  the  teeth  constantly  in  a  bath  of  oil. 
Even  then  the  pressures  have  to  be  kept  well  down  to  insure  the 
required  term  of  life  of  the  tooth  surfaces. 

It  is  evident  that  for  one  revolution  of  a  single-threaded  worm, 
one  tooth  of  the  gear  will  be  passed.  •  The  speed  ratio  between  the 
worm  gear  and  worm  shaft  will  then  be  equal  to  the  number  of 
teeth  in  the  gear,  which  is  relatively  great.  Hence  the  worm  and 
worm  gear  are  principally  useful  in  giving  large  speed  reduction 
in  a  small  amount  of  space. 

THEORY.  The  theory  of  worm-wheel  teeth  is  complicated 
and  obscure.  The  production  of  the  teeth  is  simple,  a  dummy  worm 
with  cutting  edges,  called  a  "hob,"  being  allowed  to  carve  its  way 
into  the  worm-gear  blank,  thus  producing  the  teeth  and  at  the 
same  time  driving  the  worm  gear  about  its  axis. 

It  is  clear  that  if  we  know  the  torsional  moment  on  the  worm- 
gear  shaft,  and  thf-  pitch  radius  of  the  worm  gear,  we  can  find  the 
load  on  the  teeth  at  the  pitch  line  by  dividing  the  former  by  the 
latter.     Expressed  as  an  equation : 

WRi=T;orW=^-  (83) 

How  we  shall  consider  this  value  of  W  as  distributed  on  the 
teeth,  is  a  question  difficult   to  answer.     The  teeth  not  only   are 
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curved  to  embrace  the  worm,  but  are  twisted  across  the  face  of  the 
pear,  so  that  it  would  be  practically  impossible  to  devise  a  jiurely 
theoretical  method  of  exact  calculation.  The  most  reasonable  thing 
to  do  is  to  assume  the  teeth  as  beintj  equally  as  strong  as  spur-gear 
teeth  of  the  same  circular  pitch,  and  to  figure  them  accordingly. 
It  is  probably  true,  however,  that  the  load  is  carried  by  more  than 
one  tooth,  esjiecially  iu  a  bobbed  wheel;  so  we  shall  be  safe  in 
assuming  that  two — and,  in  case  of  large  wheels,  three — teeth 
divide  the  load  between  them.  With  these  considerations  borne 
in  mind,  the  case  reduces  itself  to  that  of  a  simple  spur-gear 
tooth  calculation,  which  has  already  been  explained  under  the 
heading  "Spur  Gears." 

The  worm  teeth,  or  threads,  are  proI>ably  always  stronger  tTian 
the  worm-gear  teeth;  so  no  calculation  for  their  strength  need  be 
made. 

The  twisting  moment  on  the  worm  shaft  is  not  determined  so 
directly  as  in  the  case  of  spur  gears.  The  relative  number  of 
revolutions  of  the  two  shafts  depends  upon  the  "  lead "  of  the 
worm  thread  and  the  number  of  teeth  in  the  gear. 

Lead  (L)  is  the  distance  parallel  to  the  axis  of  the  worm  which 
any  point  in  the  thread  advances  in  one  revolution  of  the  worm. 
Pitch  (P')  is  the  distance  parallel  to  the  axis  of  the  worm  between 
corresponding  points  on  adjacent  threads.  The  distinction  between 
lead  and  pitch  should  be  carefully  observed,  as  the  two  are  often 
confounded,  one  with  the  other. 

The  thread  may  be  single,  double,  triple,  etc.,  the  index  of  the 
thread  ?',  being  1,  2,  3,  etc.,  in  accordance  therewith.  The  relation 
between  lead  and  pitch  may  then  be  expressed  by  an  equation,  thus: 

L  =  i  P.  (84) 

When  the  index  of  the  thread  is  changed  the  speed  ratio  is 
changed,  the  relation  being  shown  by  the  equation: 

m;  ^  ^  ^^^^ 

If  the  efficiency  were  100  per  cent  between  the  two  shafts, 
the  twisting  moments  would  be  inversely  as  the  ratio  of  the  speeds 
thus: 
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but  for  an  efficiency  E  the  equation  would  be: 
T^EN' 

The  diameter  of  the  worm  is  arbitrary.  Change  of  thie 
diameter  has  no  effect  on  the  speed  ratio.  It  has  a  slight  effect  01. 
the  efficiency,  the  smaller  worm  giving  a  little  higher  efficiency. 
The  diameter  of  the  worm  runs  ordinarily  from  3  to  10  times  the 
circular  pitch,  an  average  value  being  4P'  or  5P'. 

A  longitudinal  cross-section  through  the  axis  of  the  worm 
cuts  out  a  rack  tooth,  and  this  tooth  section  is  usually  made  of  the 
standard  14^  involute  form  shown  in  Fig.  46  for  a  rack. 

The  end  thrust,  of  a  mag- 
nitude practically  equal  to  the 
pressure  between  the  teeth, 
has  to  be  taken  by  the  hub  of 
the  worm  against  the  face  of 
the  shaft  bearing.  A  serious 
loss  of  efficiency  from  friction 
is  likely  to  occur  here.     This 

is  often  reduced,  however,  by  roller  or  ball  bearings.  "With  two 
worms  on  the  same  shaft,  each  driving  into  a  separate  worm  gear, 
it  is  possible  to  make  one  of  the  worms  right-hand  thread,  and 
the  other  left-hand,  in  which  case  the  thrust  is  self-contained  in 
the  shaft  itself,  and  there  is  absolutely  no  end  thrust  against  the 
face  of  the  bearing.  This  involves  a  double  outfit  throughout,  and 
is  not 'always  practicable. 

There  are  few  mathematical  eqiiations  necessary  for  the  dimen- 
sioning of  a  worm  and  worm  gear.  The  formulae  for  the  tooth 
parts  as  given  on  page  120  apply  equally  well  in  this  case. 

PRACTICAL  MODIFICATION.  The  discussion  of  the  effi- 
ciency E  of  the  worm  and  worm  gear  is  more  of  a  practical  than 
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of  a  tbeoreticial  nature.  It  seems  to  be  true  from  actual  operation, 
as  well  as  theory,  that  the  steeper  the  threads  the  higher  the  effi- 
ciency. In  actual  practice  we  seldom  have  opportunity  to  change 
the  slope  of  the  thread  to  get  increased  efficiency.  The  slope 
is  usually  settled  from  considerations  of  speed  ratio,  or  available 
space,  or  some  other  condition.  The  usual  ])ractical  problem  is  to 
take  a  given  worm  and  worm  gear,  and  to  make  out  of  it  as  efficient 
a  device  as  possible.  Willi  bobbed  gears  running  in  oil  baths,  and 
with  moderate  pressures  and  sjieeds,  the  efficicncv  will  range  between 
40  piT  cent  and  70  j)er  cent.  The  latter  tiguro  is  higher  than  is 
usually  attained. 

To  avoid  cutting  and  to  secure  high  efficiency,  it  seems  es- 
sential to  make  the  worm  and  the  gear  of  difrereiit  materials. 
The  worm-thread  surfaces  being  in  contact  a  greater  number  of 
times  than  the  gear  teeth,  should  evidently  be  of  the  harder  material. 
Hence  we  usually  find  the  worm  of  steel,  and  the  gear  of  cast  iron, 
brass,  or  bronze.  To  save  the  expense  of  a  large  and  heavy  bronze 
gear,  it  is  common  to  make  a  cast-iron  center  and  bolt  a  bronze 
rim  to  it. 

The  worm,  being  the  most  liable  to  replacement  from  wear, 
it  is  desirable  so  to  arrange  its  .shaft  fastening  and  general  acces- 
sibility that  it  may  be  readily  removed  without  disturbing  the 
worm  gear. 

The  circular  pitch  of  the  gear  and  the  j)itch  of  the  worm 
thread  must  be  the  same,  and  the  practical  question  comes  in  as  to 
the  threads  per  inch  possible  to  be  cut  in  the  lathe  in  the  pro- 
duction of  the  worm  thread.  The  pitch  must  satisfy  this  require- 
ment; hence  the  pitch  will  usually  be  fractional,  and  the  diameter 
of  the  worm  gear,  to  give  the  necessary  number  of  teeth,  must  be 
brought  to  it.  While  it  would  perhaps  be  desirable  to  keep  an 
even  diametral  pitch  for  the  worm  gear,  yet  it  would  be  poor  de- 
sign to  specify  a  worm  thread  which  could  not  be  cut   in  a  lathe. 

The  standard  involute  of  14^',  and  the  standard  proportions 
of  teeth  as  given  on  page  120.  are  usually  used  for  worm  threads. 
This  system  requires  the  gear  to  have  at  least  30  teeth,  for  if  fewer 
teeth  are  used  the  thread  of  the  worm  will  interfere  with  the 
flanks  of  the  gear  teeth.  This  is  a  mathematical  relation,  and 
there  are  methods  of  preventing  it  by  change  of  tooth  proportions 
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or  of  ancrlf  of  worm  thread  ;  Imt  tliero  are  few  instances  in  wliicli 
less  tlian  30  teeth  are  required,  and  it  is  not  deemed  worth  while 
to  iro  into  a  lengtliy  discussion  of  this  point. 

Tlie  ancrle  of  tiie  worm  embraced  by  the  w'orm-gear  teetli 
varies  from  GO  to  'JO  ,  and  tiie  general  dimensions  of  rim  are  made 
about  t!ie  same  as  for  spur  gears.  The  arms,  or  the  web,  have  the 
same  reasons  for  their  size  and  shape.  Probably  web  gears  and 
cross-shaped  arms  are  more  common  than  oval  or  elliptical  sections. 

Worm  gears  sometimes  have  cast  teeth,  but  they  are  for  the 
roughest  service  only,  and  give  but  a  point  bearing  at  the  middle 
of  the  tooth.  An  accurately  hobbed  worm  gear  will  give  a  bearing 
clear  across  the  face  of  the  tooth,  and,  if  properly  set  up  and  cared 
for.  makes  a  good  mechanical  device  although  admittedly  of  some- 
what low  efficiency. 

Fig.  47  shows  a  detail  drawing  of  a  standard  worm  and  worm 
gear.  It  should  serve  as  a  suggestion  in  design,  and  an  illustration 
of  the  shop  dimensions  required  for  its  production. 

PROBLEMS  ON  SPUR,    BEVEL,   AND   WORM   GEARS. 

1.  Calculate  proportions  .of  a  standard  Brown  (k  Sharpe 
gear  tooth  of  U  diametral  pitch,  making  a  rough  sketch  and  put- 
ting the  dimensions  on   it. 

2.  Suppose  the  above  tooth  to  be  loaded  at  the  top  with 
5,000  lbs.  If  the  face  be  6  inches,  calculate  the  fiber  stress  at  the 
pitch  line,  due  to  bending. 

3.  A  tooth  load  of  1,200  lbs.  is  transmitted  between  two 
spur  gears  of  12-inch  and  30-inch  diameter,  the  latter  gear  making 
100  revolutions  per  minute.  Calculate  a  suitable  pitch  and  face 
of  tooth  by  the  "  Lewis  "  formula. 

4.  Assuming  a  i-incli  web  on  the  12-inch  gear,  calculate  the 
shearing  fiber  stress  at  the  outside  of  a  hub  4  inches  in  diameter 

5.  Design  elliptical  arms  for  the  30-inch  gear,  allowing 
S  =  2,200. 

0.     Design  cross-shaped  arms  for  30-inch  gear. 

7.  Calculate  the  dimensions  shown  in  formulse  70  to  82  in- 
clusive for  a  pair  of  bevel  gears  of  20  and  60  teeth  respectively,  2 
diametral  pitch,  and  4-inch  face.  (The  use  of  logarithmic  tables 
makes  the  calculation  ranch  easier  than  with  the  natural  functions.) 
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A  worm  wheel  has  40  teeth,  3  diametral  pitch,  and  double 
Calculate  (a)  its  lead;  (/*)  its  pitch  diameter. 


thread. 


FRICTION  CLUTCHES. 


i?0T.\TION— Tho  (iillowing  uotaiion  is  used  throughout  the  chapter  onFriction  Clutches:. 

a  =  Angle  between  clutch  face 
and  axlsot  shaft  (degrees) 

H  =Horse  newer  (33jiXKi  ft. -lbs. 
per  minute). 

li,  =Coefllcient  of  friction  (per 
cent). 

N  =Number  of  revolutions  per 
minute. 

P  =Force  to  hold  clutch  in  gear 
to  produce  W  (lbs.). 

R  =Mean  radius  of  friction  sur- 
face (inches). 

T  =Twisting  moment  about 
shaft  axis  (inch-lbs.). 

V  =Force  normal  to  clutch  face 
(lbs.). 

W  =Load  at  mean  radius  of 
friction  surface  (lbs.). 

ANALYSIS.      The 

friction  clutch  is  a  de- 
vice for  connecting  at 
will  two  separate  pieces 
of  shaft,  transmitting  an 
amount  of  power  be- 
tween them  to  the  capac- 
ity of  the  clutch.  The 
connection  is  usually  ac- 
complished while  the 
driving  shaft  is  under 
full  speed,  the  slipping 
bet  7een  the  surfaces 
which  occurs  during  the 
throwing-in  of  the 
clutch,  permitting  the 
driven  shaft  to  pick  up 
the  speed  of  the  other 
gradually,  without  ap- 
preciable shock.  The 
disconnection  is  made  in 
the   same   manner,    the 
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airionnt  of  slippinor  which  occurs  dependintr  on  the  siuldi'tinoss  with 
which  die  clutch  is  thrown  out. 

The   force  of   friction  is  tlie  sole  drivinir  element,  hence  the 

pnthlein  is  to  secure  as 
liirrre  a  force  of  friction 
as  possible.  But  friction 
cannot  be  secured  with- 
out a  heavy  normal  pres- 
sure between  surfaces 
having  a  high  coefficient 
of  friction  between  thcni 
The  many  varieties  ()f 
friction  clutches  which 
are  on  the  market  or  de- 
signed for  some  special 
purpose,  are  all  devices 
for  accomplishing  one 
and  the  same  effect,  vis., 
ti  the  production  of  a  heavy 
normal  force  or  pressure 
between  surfaces  at  such 
a  radius  from  the  driven 
axis,  that  the  product  of 
the  force  of  friction 
thereby  created  and  the 
radius  shall  equal  the 
desired  twisting  moment 
about  that  axis. 

Three  ty[)ical  meth- 
odsof  accomplishing  this 
are  shown  in  Figs.  48, 
49,  and  50.  None  of 
these  drawings  is  worked 
out  in  operative  detail. 
They  are  merely  illus- 
trations of  principle,  and  are  drawn  in  the  simplest  form  for  that 
purpose. 

In  Fig.  48  the  normal  pressure  is  created  in  the  simplest  pos- 
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sible   way,  an   absolutely  direct  push  being  exerted  between   the 
discs,  due  to  the  thrust  P  of  the  clutch  fork. 

In  Fig.  49  advantage  is  taken  of  the  wedge  action  of  the;  in- 
clined faces,  the  result  be- 
ing that  it  takes  less  thrust 
P  to  produce  the  required 
normal  pressure  at  the  ra- 
dius K. 

In  Fig.  50  the  inclin- 
ation of  the  faces  is  carried 
so  far  that  the  angle  a  of 
Fig.  49  has  become  zero; 
and  by  the  toggle-joint  ac- 
tion of  the  link  pivoted  to 
the  clutch  collar,  the  nor- 
mal force  produced  may  be 
verygreatfor  a  slight  thrust 
P.  By  careful  adjustment 
of  the  length  of  the  link  so 
that  the  jaw  takes  hold  of 
the  clutch  surface,  when 
the  link  stands  nearly  ver- 
tical, a  very  easy  operating 
device  is  secured,  and  the 
thrust  P  is  made  a  mini- 
mum. 

THEORY.  Eeferring 
to  Fig.  4S  in  order  to  cal- 
culate the  twisting  mo- 
ment, we  must  remember 
that  the  force  of  friction 
between  two  surfaces  is 
equal  to  the  normal  pres- 
sure times  the  coefficient  of 
friction.  This,  in  the  form 
of  an  equation,  using  the  symbols  of  the  figure,  is  : 

W  =  u  P.  (88) 
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Hence  we  may  consider  that  we  have  a  force  of  magnitude  /aP 
acting  at  the  mean  radiiis  11  of  the  chiteh  surface.  Tlie  twisting 
moment  will  then  be  : 

T  =  WIl  =  /xPTl.  (89) 

deferring  to  equation  ~>-i,  wliich  gives  twisting  moment  in  terms 
of  horse-power,  and  putting  the  two  expressions  ecjual  to  each  other, 
we  have  : 

G3,02oll 
T=— j^—  =MP11; 

This  expression  gives  at  once  the  horse-power  that  the  clutch  will 
transmit  with  a  given  end  thrust  ]'. 

In  Fig.  49  the  equilibrium  of  the  forces  is  shown  in  the  little 
sketch  at  the  left  of  the  figure.  The  clutch  faces  are  supposed 
to  be  in  gear,  and  the  extra  force  necessary  to  slide  the  two  to- 
gether is  not  considered,  as  it  is  of  small  importance.  The  static 
equations  then  are  : 

P=  2-!^  sin./; 

or,  V  =  P  cosec  ft.  (^pi) 

W  =  fi\    =    ju,P  cosec  a.  (92) 

T  =  WK  =  ^PR  cosec  r,.  (93) 

63,025H 
T  =  - — -^i^^ :=  firli  cosec  «; 

iiNPR    cosec   a  ,      . 

^^=         63,025 ^94) 

In  Fig.  50,  P  would  of  course  be  variable,  depending  on  the 
inclination  of  the  little  link.  The  amount  of  horse-power  which 
this  clutch  would  transmit  would  be  the  same  as  in  the  case  of  the 
device  illustrated  in  Fig.  49,  for  an  equal  normal  force  V  produced. 

The  further  theoretical  design  of  such  clutches  should  be  in 
accordance  with  the  same  principles  as  for  arms  and  webs  of 
pulleys,  gearsj  etc.     The  length  of  the  hubs  must  be  liberal  in 
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order  to  prevent  tipping  on  tlie  shaft  as  a  result  of  uneven  wear. 
The  end  thrust  is  apt  to  be  considerable;  and  extra  side  stiffness 
must  be  provided,  as  well  as  a  rim  that  will  not  spring  under  the 
radial  pressure. 

PRACTICAL  nODIFICATION.  It  is  desirable  to  make  the 
most  complicated  part  of  a  friction  clutch  the  driven  part,  for  then 
the  mechanism  requiring  the  closest  attention  and  adjustment  may 
be  brought  to  and  kept  at  rest  when  no  transmission  of  power  is 
desired. 

Sim})licity  is  an  important  practical  requirement  in  clutches. 
The  wearing  surfaces  are  subjected  to  severe  usage;  and  it  is 
essential  that  they  be  made  not  only  strong  in  the  first  place,  but 
also  capable  of  being  readily  replaced  when  worn  out,  as  they  are 
sure  to  be  after  some  service. 

The  form  of  clutch  shown  in  Fig.  50  is  the  most  efiicient 
form  of  the  three  shown,  although  its  commercial  design  is  consid- 
erably different  from  that  indicated.  Usually  the  jaws  grip  both 
sides"  of  the  rim,  pinching  it  between  them.  This  relieves  the 
clutch  rim  of  the  radial  unbalanced  thrust. 

Adjusting  screws  must  be  provided  for  taking  up  the  wear, 
and  lock  nuts  for  maintaining  their  position. 

Theoretically,  the  rubbing  surfaces  should  be  of  those  materials 
whose  coefficient  of  friction  is  the  highest;  but  the  practical  ques- 
tion of  wear  comes  in,  and  hence  we  usually  find  both  surfaces  of 
metal,  cast  iron  being  most  common.  For  metal  on  metal  the 
coefficient  of  friction  /x  cannot  be  safely  assumed  at  more  than  15 
per  cent,  because  the  surfaces  are  sure  to  get  oily. 

A  leather  facing  on  one  of  the  surfaces  gives  good  results  as 
to  coefficient  of  friction,  /x  having  a  value,  even  for  oily  leather,  of 
20  per  cent.  Much  slipping,  however,  is  apt  to  burn  the  leather; 
and  this  is  most  likely  to  occur  at  high  speeds. 

Wood  on  cast  iron  gives  a  little  higher  coefficient  of  friction 
for  an  oily  surface  than  metal  on  metal.  Wood  blocks  can  be  so 
set  into  the  face  of  the  jaws  as  to  be  readily  replaced  when  worn, 
and  in  such  case  make  an  excellent  facing. 

The  angle  a  of  a  cone  friction  clutch  of  the  type  shown  in 
Fig.  49,  may  evidently  be  made  so  small  that  the  two  parts  will 
wedge  together  tightly  with  a  very  slight  pressure  P;  or  it  may 
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be  so  large  as  to  have  little  wedging  action,  and  approach  the  con- 
dition illustrated  in  Fig.  48.  Between  these  limits  there  is  a 
practical  value  which  neither  gives  a  wedging  action  so  great  as  to 
make  the  surfaces  difficult  to  pull  apart,  nor,  on  the  other  hand, 
requires  an  objectionable  end  thn;st  along  the  shaft  in  order  to 
make  the  clutch  drive  properly. 

For  a  —  about  15%  the  -surfaces  will  free  themselves  whenP  is  relieved. 
"    a  =      "      12°,    "         "         require  slight  pull  to  bo  freed. 
"    o  =      "      10°,    "         "         cannot  be  freed  by  direct  pull  of  the 
hand,  but  require  some  leverage  to  produce  the  necessary  force  P. 

PROBLEMS  ON  FRICTION   CLUTCHES. 

1.  With  what  force  must  we  hold  a  friction  clutch  in  to 
transmit  30  horse-power  at  200  revolutions  per  minute,  assuming 
working  radius  of  clutch  to  be  12  inches;  coefficient  of  friction  15 
per  cent;  angle  a  =  10°  ? 

2.  How  much  horse-power  could  be  transmitted,  other  con- 
ditions remaining  the  same,  if  the  working  radius  were  increased 
to  18  inches  ? 

3.  What  force  would  be  necessary  in  problem  1,  if  the  angle 
a  were  15",  other  conditions  remaining  the  same  ? 

COUPLINGS. 

^fOT.■iTION.— Tlie  following  notation  is  used  throughout  the  chapter  ou  Couplings; 

D  =Diameter  of  shaft  (inches).  Sc  =Safe  crushing  fiber  stress  (lbs.  per 
d   =  Diameter  of  bolt  body  (inches).  sq.  In.). 

«    =Number  of  bolts.  T  =Twisting  moment  (inch-lbs.). 
R  =Radius  of  bolt  circle  (inches).  <= Thickness  of  flange  (inches). 

S  =Safe  shearing  fiber  stress  (lbs.  per  W  =  Load  ou  bolts  (lbs.), 
sq.  in.). 

ANALYSIS.  Higid  couplings  are  intended  to  make  the 
shafts  which  they  connect  act  as  a  solid,  continuous  shaft.  In 
order  that  the  shaft  may  be  worked  up  to  its  full  strength  capac- 
ity, the  coupling  must  be  as  strong  in  all  respects  as  the  shaft, 
or,  in  other  words,  it  must  transmit  the  same  torsional  moment. 
In  the  analysis  of  the  forces  which  come  upon  these  couplings,  it 
is  not  considered  that  they  are  to  take  any  side  load,  but  tlir.t  they 
are  to  act  purely  as  torsional  elements.  It  is  doubtless  triu;  that  ii) 
many  cases  they  do  have  to  provide  some  side  strength  and  stiff- 
ness, but  this  is  not  their  natural  function,  nor  the  one  upon  which 
their  design  is  based. 
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Referrinj^  to  Fig.  51,  which  is  the  type  most  convftiieiit  for 
analysis,  we  have  an  example  of  the  simplest  form  of  flange  coup- 
ling. It  consists  merely  of  hubs  keyed  to  the  two  portions,  with 
flanges  driving  through  shear  on  a  series  of  bolts  arranged  con- 
centrically about  the  shaft.  The  hubs,  keys,  and  flanges  are  sub- 
iect  to  the  same  conditions  of  design  as  the  hubs,  keys,  and  web  of 
a  gear  or  pulley,  the  key  tending  to  shear  and  be  crushed  in  the 
hub  and  shaft,  and  the  hub  tending  to  be  torn  or  sheared  from  the 
flange.  The  driving  bolts,  which  must  be  carefully  fitted  in 
reamed  holes,  are  subject  to  a  purely  shearing  stress  over  their  full 
area  at  the  joint,  and  at  the  same  time  tend  to  crush  the  metal  in 
the  flange,  against  which  they  bear,  over  their  projected  area. 
This  latter  stress  is  seldom  of  importance,  the  thickness  of  the 
flange,  for  practical  reasons,  being  sutticient  to  nuike  the  crushing 
stress  very  low. 

THEORY.  The  theory  of  hubs,  keys,  and  flanges,  being  like 
that  already  given  for  pulleys  and  gears,  need  not  be  repeated  for 
couplings.  The  shearing  stress  on  the  bolts  is  the  only  new  point 
to  be  studied. 

In  Fig.  ijl,  for  a  twisting  moment  on  the  shaft  of  T,  the  load 

T 
at    the  bolt    circle  is   W  =^  -p-.       If   the   number   of  bolts  be  7i, 

equating  the  external  force  to  the  internal  strength,  we  have: 

Although  the  crushing  will  seldom  be  of  ini])ortance,  yet  for 
the  sake  of  completeness  its  equation  is  given,  thus: 

AY  =  ^=Sc^?i'«.  (96) 

SD' 

The  internal    moment    of    resistance    of    the    shaft    is  -r-t-j 

hence  the  equation  representing  full  equality  of  strength  between 
the  shaft  and  the  coupling,  depending  upon  the  shearing  strength 
cf  the  bolts,  is : 

5lR=-T-'^-  (97) 
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The  theory  pt  the  other  types  of  couplings  is  obscure,  except 
a^  regards  the  proportions  of  the  key,  which  are  the  same  in  all 
cases.  The  shell  of  the  clamp  coupling,  Fig.  52,  should  be  thick 
enough  to  give  equal  torsional  strength  with  the  shaft;  hut  the 
exact  function  which  the  bolts  perform  is  ditticult  to  deterniine. 
In  general  the  bolts  clamp  the  coupling  tightly  on  the  shaft  and 
provide  rigidity,  but  the  key  does  the  principal  amount  of  the 
driving.  The  bolt  sizes,  in  these  couplings,  are  based  on  judgment 
and  relation  to  surrounding  parts,  rather  than  on  theory. 

PRACTICAL  nODIFICATION.  All  couplings  must  be  made 
with  care  and  nicely  fitted,  for  their  tendency,  otherwise,  is  to 


spring  the  shafts  out  of  line.  In  the  case  of  tiie  flange  coupling, 
the  two  halves  may  be  keyed  in  place  on  the  shafts,  the  latter  then 
swung  on  centers  in  the  lathe,  and  the  joint  faced  off.  Thus  the 
joint  will  be  true  to  the  axis  of  the  shaft;  and,  when  it  is  clamped 
in  position  by  the  bolts,  no  springing  out  of  line  can  take  place. 

A  flange  F  (see  Fig.  51)  is  sometimes  made  on  this  form  of 
coupling,  in  order  to  guard  the  bolts.  It  may  be  irsed,  also,  to  take 
a  light  Ijelt  for  driving  machinery;  but  a  side  load  is  thereby  thrown 
on  the  shaft  at  the  joint,  which  is  at  the  very  point  where  it  is  desir- 
able  to  avoid  it. 

The  simplest  form  of  rigid  coupling  consists  of  a  plain  sleeve 
slipped  over  from  one  shaft  to  the  other,  when  the  second  is  butted 
up  against  the  first.  This  is  known  as  a  muff  coupling.  When 
once  in  place,  this  is  a  very  excellent  cx)upling,  as  it  is  perfectly 
smooth  on  the  outside,  and  consists  of  the  fewest  possible  parts, 
merely    a  sleeve    and  a    key.     It  is,    however,  expensive    to    fit, 
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difficult  to  remove,  and  requires  an  extra  space  of  half  its  length 
on  the  shaft  over  which  to  be  slipped  hack. 

The  clamp  coupling  is  a  good  coupling  for  moderate-sized 
shafts,  where  the  flange  type  of  Fig.  51  would  be  unnecessarily 
expensive.  The  clamp  coupling.  Fig.  52,  is  simply  a  muff  coiipling 
split  in  halves,  and  recessed  for  bolts.  It  is  cheap  and  is  easily 
applied  and  removed,  even  with  a  crowded  shaft.  If  bored  with  a 
piece  of  paper  in  the  joint,  when  it  is  clamped  in  position  it  will 
pinch  the  shaft  tightly  and  make  a  rigid  connection.  It  is  desir- 
able to  have  the  bolt-heads  ])rotectecl  as  much  as  possible,  and  this 
may  be  accomplished  by  making  the  outside  diameter  large  enough 
so  that  the  bolts  will  not  project.  Often  an  additional  shell  is 
provided  to  encase  the  couj)linfr  completely  after  it  is  located. 
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Fig.  5.3. 

There  are  many  other  sj)ecial  forms  of  couplings,  some  of 
them  adjustable.  Most  of  them  depend  upon  a  wedging  action 
exerted  by  taper  cones,  screws,  or  keys.  Trade  catalogues  are  to 
be  sought  for  their  description. 

The  claw  coupling,  Fig.  53,  is  nothing  but  a  heavy  flange 
coupling  with  interlocking  claws  or  jaws  on  the  faces  of  the  flanges, 
to  take  the  place  of  the  driving  bolts.  This  coupling  can  be  thrown 
in  or  out  as  desired,  although  it  usually  performs  the  service  of  a 
rigid  coupling,  as  it  is  not  suited  to  clntching-in  during  rapid  mo- 
tion, like  a  friction  clutch. 

Flexible  couplings,  which  allow  slight  lack  of  alignment,  are 
made  by  introducing  lietween  the  flanges  of  a  coupling  a  flexible 
disc,  the  one  flange  being  fastened  to  the  inner  circle  of  the  disc, 
the  other  to  the  outer  circle.  This  is  also  accomplished  by  pro- 
viding the  faces   of  the  flange  coupling  with  pins  that  drive  by 
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jiressiire  together  or  through  leather  straps  wrapped  round  the 
pins.  These  devices  are  mostly  of  a  special  and  often  uncertain 
nature,  lacking  tlie  positiveness  wliich  is  one  essential  feature 
of  a  good  coupling. 

PROBLEMS  ON  COUPLINQS. 

1.  A  flange  coupling  of  the  type  of  Fig.  51  is  usea  on  a  shaft 
2  inches  is  diameter.  The  hub  is  3  inches  long,  and  carries  a 
standard  key,  of  proportions  indicated  below  in  the  table  of  "Pro- 
portions for  Gib  Keys"  (page  100).  The  bolt  circle  is  7  inches 
in  diameter,  and  it  is  desired  to  use  |-inch  bolts.  How  many 
bolts  are  needed  to  transmit  00,000  inch-lbs.,  for  a  fiber  stress  in 
the  bolt  of  0,000  ? 

2.  Using  0  bolts,  what  diameter  of  bolt  would  be  required  ? 

3.  If  four  S.inch  bolts  were  used  on  a  circle  of  8  inches  di- 

4; 

ameter,  what  diameter  of  shaft  would  be  used  in  the  coupling  to 
give  equal  strength  with  the  bolts  ? 

BOLTS,  STUDS,  NUTS,  AND  SCREWS. 

NOT.-iTIOX— The  foUowing   notation  is  used    throughout  the  chapter  on  Bolts,  Studs, 
Nuts,  and  Screws: 

I      =  Length  of  wrench  handle  (inches) 


d   =  Diameter  of  bolt  (inches). 

di  =  Diameter  at  root  of  thread   (in- 
ches). 

H  =  Height  of  nut  (Inches). 

I    =  Initial  axial  tension  (lbs.). 

k   =  Allowable  bearing  pressure  on  sur- 
face of  thread  (lbs.  per  sq.  in.). 

L  =  Lead,  or  distance  nut  advances 
along  axis  in  one  revolution 
(inches). 


n     =  Number  of  threads  in  nut  = 


P 


=  Axial  load  (lbs.). 

=  Pitch  of  thread,  or  distance  be- 
tween similar  points  on  adjacent 
threads,  measured  parallel  to 
axis  (inches). 

=  Fiber  stress  ilbs.  per  sq.  in.). 

=  Load  on  bolt  (lbs.). 


Fig.  54. 

ANALYSIS.      A  bolt   is   simply  a  cyruulrical    bar  of    metal 

upset  at  one  end  to  form  a  head,  and  having  a  thread  at  the  other 

end,  Fio-.  54.     A  stud  is  a  bolt  in  which  the  head  is  replaced  by 

a  thread;  or  it  is  a  cylindrical  bar  threaded  at  both  ends,  usually 
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having  a  small  plain  portion  in  the  middle.  Fig.  55.  The  object 
of  bolts  and  studs  is  to  clamp  machine  parts  together,  and  yet 
permit  these  same  ])arts  to  be  readily  disconnected.  The  bolt 
passes  through  the  jtieces  to  be  connected,  and,  when  tightened, 
causes  surface  compression  between  the  parts,  while  the  reactions 
on  the  head  and  nut  j)roduce  tension  in  the  bolt.  Studs  and  tap 
bolts  pass  through  one  of  the  connected  parts  and  are  screwed 
into  the  other,  the  stud  remaining  in  position  when  the  ])arts  are 
disconnected. 

As  all  materials  are  elastic  within  certiiin  liiiiits,  the  action  of 


Fig.  5.J. 
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a  bolt  in  clamping  two  machine  parts  together,  more  especially  if 
there  is  an  elastic  packing  between  them,  may  be  represented 
diagrammatically  by  Fig.  56,  in  which  a  spring  has  been  introduced 
to  take  the  compression  due  to  screwing  up  the  nut.  Evidently 
the  tension  in  the  bolt  is  equal  to  the  force  necessary  to  compress 
the  spring.  Now,  suppose  that  two  weights,  each  equal  to  \  W, 
are  placed  symmetrically  on  either  side  of  the  bolt,  then  the  tension 
in  the  bolt  will  be  increased  by  the  added  weights  if  the  bolt  is 
perfectly  rigid.  The  bolt,  however,  stretches;  hence  some  of  the 
compression  on  the  spring  is  relieved  and  the  total  tension  in  the 
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bolt  is  less  than  W  +  I,  by  an  amount  depending  on  tlio  relative 
i4astieity  of  the  bolt  and  spring. 

Suppose  that  the  stud  in  Fig.  55  is  one  of  the  studs  connect- 
ing the  cover  to  the  cylinder  of  a  steam  engine,  and  that  the  studs 
have  a  small  initial  tension ;  then  the  pressure  of  the  steam  loads 
each  stud,  and,  if  the  studs  stretch  enough  to  relieve  the  initial 
pressure  between  the  two  surfaces,  then  their  stress  is  due  to  the 
steam  pressure  only;  or,  from  Fig.  56,  when  I  =  W  ;  the  initial 
pressure  due  to  the  elasticity  of  the  joint  is  entirely  relieved  by  the 
assumed  stretch  of  the  studs.  Except  to  prevent  leakao-e,  it  is 
seldom  necessary  to  consider  the  initial  tension;  for  the  stretch 
of  the  bolt  may  be  counted  on  to  relieve 
this  force,  and  the  working  tension  on  the 
bolt  is  simply  the  load  applied. 

For  shocks  or  blows,  as  in  the  case 
of  the  bolts  found  on  the  marine  type  of 
connecting-rod  end,  the  stretch  of  the 
bolts  acts  like  a  spring  to  reduce  the  re- 
sulting tensions.  So  important  is  this 
feature  that  the  body  of  the  bolt  is  fre- 
quently turned  down  to  the  diameter  of 
the  bottom  of  the  thread,  thus  uniformly 
distributing  the  stretch  through  the  full 
length  of  the  bolt,  instead  of  localizing  it 
at  the  threaded  parts. 

In  tightening  up  a  bolt,  the  friction 
at  the  surface  of  the  thread  produces  a  twisting  moment,  which 
increases  the  stress  in  the  bolts,  just  as  in  the  case  of  shafting 
under  combined  tension  and  torsion;  but  the  increase  is  small  in 
amount,  and  may  readily  be  taken  care  of  by  permitting  low  values 
only  for  the  fiber  stress. 

In  a  flange  coupling,  bolts  are  acted  upon  by  forces  perpen- 
dicular to  the  axis,  and  hence  are  under  pure  shearing  stress.  If 
the  torque  on  the  shaft  becomes  too  great,  failure  will  occur  by 
the  bolts  shearing  off  at  the  joint  of  the  coupling. 

A  bolt  under  tension  communicates  its  load  to  the  nut  through 
the  locking  of  the  threads  together.  If  the  nut  is  thin,  and  the 
number  of  threads  to  take  the  load  few,  the  threads  may  break  or 
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Fhear  off  at  the  root.  With  a  V  thread  there  is  produced  a  com- 
iionent  force,  perpendicular  to  the  axis  of  the  bolt,  which  tends  to 
split  the  nut. 

In  screws  for  continuous  transmission  of  motion  and  power, 
the  thread  may  be  compared  to  a  rough  inclined  plane,  on  which  a 
small  block,  the  nut,  is  being  pushed  upward  by  a  force  parallel  to 
the  base  of  the  plane.  The  angle  at  the  bottom  of  the  plane  is  the 
angle  of  the  helix,  or  an  angle  whose  tangent  is  the  lead  divided 
by  the  circumference  of  the  screw.  The  horizontal  force  corre- 
sponds to  the  tangential  force  on  the  screw.  The  friction  at  the 
surface  of  the  thread  produces  a  twisting  moment  about  the  axis  of 
the  screw,  which,  combined  with  the  axial  load,  subjects  the  screw 
to  combined  tension  and  torsion.  Screws  with  scjuare  threads  are 
generally  used  for  this  service,  the  sides  of  the  thread  exerting  no 
bursting  pressure  on  the  nut.  The  proportions  of  screw  thread 
for  transmission  of  power  depend  more  on  the  bearing  pressure 
than  on  strength.  If  the  bearing  surface  be  too  small  and  lubrica- 
tion iioor.  the  screw  will  cut  and  wear  rapidly. 

THEORY.  A  direct  tensile  stress  is  induced  in  a  bolt  when 
it  carries  a  load  exerted  along  its  axis.  This  load  must  be  taken 
by  the  section  of  the  bolt  at  the  bottom  of  the  thread.     If  the  area 

at  the  root  of  the  thread  is  — ^,  and  if  S  is  the  allowable   stresg 
4 

square    inch,    then    the    internal    resistance    of    the    boit    is 
Equating  the  external  load  to  the  internal  strength  we  have: 

w  =  ^.  (98) 

For  bolts  which  are  used  to  clamp  two  machine  parts  together 
so  that  they  will  not  separate  under  the  action  of  an  applied  load, 
the  initial  tension  of  the  bolt  must  be  at  least  equal  to  the  applied 
load.  If  the  applied  load  is  W,  then  the  parts  are  just  about  to 
separate  when  I  ==  W.  Therefore  the  above  relation  for  strength 
is  applicable.  As  the  initial  tension  to  prevent  separation  should 
be  a  little  greater  than  W,  a  value  of  S  should  he  chosen  so  that 
there  will  be  a  margin  of  safety.  For  ordinary  wrought  iron  and 
steel,  S  may  be  taken  at  6,000  to  8,000. 
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If,  however,  the  ioints  must  be  such  that  there  is  no  leakatre 
between  the  gurfaces,  as  in  the  ease  of  a  steam  cylinder  head,  and 
supposing  that  elastic  packings  are  placed  in  the  Joints,  then  a 
much  larger  margin  should  be  made,  for  the  maximum  load  which 
may  come  on  the  bolt  is  I  -!-  W,  where  W  is  the  proportional 
share  of  the  internal  pressure  carried  by  the  bolt.  In  such  cases 
S  =  3,000  to  5.000,  using  the  lower. value  for  bolts  of  less  than 
|-inch  diameter. 

Tlie  table  given  on  page  15i  will  be  found  very  useful  in  pro- 
portioning bolts  with  U.  S.  standard  thread  for  any  desired  fiber 
stress. 

To  find  the  initial  tension  due  to  screwing  up  the  nut,  we 


Fig.  56a. 

may  assume  the  length  of  the  handle  of  an  ordinary  wrench,  meas- 
ured from  the  center  of  tha  bolt,  as  about  16  times  the  diameter 
of  the  bolt.  For  one  turn  of  the  wrench  a  force  F  at  the  handle 
would  pass  over  a  distance  2TrI,  and  the  work  done  is  equal  to  the 
product  of  the  force  and  space,  or  F  X  2ttI.  At  the  same  time 
the  axial  load  P  would  be  moved  a  distance  p  along  the  axis. 
Assuming  that  there  is  no  friction,  the  equation  for  the  equality 
of  the  work  at  the  handle  and  at  the  screw  is: 


F2nl  =.  P^. 


(99) 


Friction,  however,  is  always  present;  hence  the  ratio  of  the  useful 
work  (P^)  to  the  work  applied  {¥2itI)  is  not  unity  as  above  re- 
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lations  assume.  From  numerous  experiments  on  the  friction  of 
screws  and  nuts,  it  has  been  found  that  tlie  efficiency  may  be  as 
low  as  10  per  cent.  Introducinir  the  efficiency  in  above  equation, 
it  may  be  written : 

Pp    ___  1 

Assuming    that    50    pounds    is    exerted    by    a    workman    in 


p-1 

i  B 

i 

Fig.  58. 
tightening  up  the  nut  on  a  1-inch  bolt,  the  equation  above  shows 
that  P  =  4,021   pounds;  or  the    initial  tension  is  somewhat  less 
than  the  tabular  safe  load  shown  for  a  1-inch  bolt,  with  S  assumed 
at  10,000  pounds  per  sq.  inch. 

For  shearing  stresses  the  bolt  should  be  fitted  so  that  the  body 
of  the  bolt,  not  the  threads,  resists  the  force  tending  to  shear  off 
the  bolt  perpendicular  to  its  axis.  The  internal  strength  of  the 
bolt  to  resist  shear  is  the  allowable  stress  S  times  the  area  of  the 


bolt  in  shear,  or 


Stt(P 


If  W  represents  the  external  force  tending 


to  shear  the  bolt  the  equality  of  the  external  force  to  the  internal 
strength  is  : 

WOTTf/"  /  . 

=  —!-■  (»Ol) 


Ml 
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Reference  to  the  table  on  page  154  for  the  shearing  strength  of 
bolts,  raay  be  made  to  save  the  labor  of  calculations. 

Let  Fig.  58  represent  a  square  thread  screw  for  the  transmis- 
sion  of  motion.     Tlie  surface  on  which  the  axial  pressure  bears,  if 

n  is  the  number  of  threads  in  a  nut,  is  —  (^cP  —  d')  n.    Suppose 

that  a  2^re8sure  of  k  pounds  per  square  inch  is  allowed  on  the 
surface  of  the  thread.  Then  the  greatest  permissible  axial  load  P 
must  not  exceed  the  allowable  pressure;  or,  equating, 

P  =  kJL(rP-  cl,')  n  (,o2) 

The  value  of  X'  varies  with  the  service  required.  If  the  motion  be 
slow  and  the  lubrication  very  good,  k  may  be  as  high  as  900.  For 
rapid  motion  and  doubtful  lubrication,  k  may  not  be  over  200. 
Between  these  extremes  the  designer  must  use  his  judgnmnt, 
remembering  that  the  higher  the  speed  the  lower  is  the  allowable 
bearing  pressure. 

PRACTICAL  MODIFICATION.  It  will  be  noted  in  the 
formuhe  for  bolt  strengths  that  different  values  for  S  are  assumed. 
This  is  necessary  on  account  of  the  uncertain  initial  stresses  which 
are  produced  is  setting  up  the  nuts.  For  cases  of  mere  fastening, 
the  safe  tension  is  high,  as  Just  before  the  joint  opens  the  tension 
is  about  equal  to  the  load  and  yet  the  fastening  is  secure.  On 
the  other  hand,  bolts  or  studs  fastening  joints  subjected  to  internal 
fluid  pressure  must  be  stressed  initially  to  a  greater  amount  than 
the  working  pressure  which  is  to  come  on  the  bolt.  As  this  initial 
stress  is  a  matter  of  judgment  on  the  part  of  the'workman,  the 
designer,  in  order  to  be  on  the  safe  side,  should  specify  not  less 
than  |-inch  or  |-inch  bolts  for  ordinary  work,  so  that  the  bolts 
may  not  be  broken  off  by  a  careless  workman  accidentally  putting 
a  greater  force  than  necessary  on  the  wrench  handle.  In  making 
a  steam-tight  joint,  the  spacing  of  the  bolts  will  generally  deter- 
mine their  number;  hence  we  often  find  an  excess  of  bolt  strength 
in  joints  of  this  character. 

Through  bolts  are  preferred  to  studs,  and  studs  to  tap  bolts 
or  cap  screws.  If  possible,  the  design  should  be  such  that  throagh 
bolts  may  be  used.     They  are  cheapest,  are  always  in  standard 
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stock,  and  well  resist  rough  usage  in  connecting  and  disconnecting. 
The  threads  in  cast  iron  are  weak  and  have  a  tendency  to  crumble; 
and  if  a  through  bolt  cannot  be  used  in  sucli  a  case,  a  stud,  which 
can  be  placed  in  position  once  for  all,  should  be  employed — not  a 
tap  bolt,  which  injures  the  thread  in  the  casting  every  time  it  is 
removed. 

The  plain  portion  of  a  stud  should  be  screwed  up  tight 
against  the  shoulder,  and  the  tapped  hole  should  be  deep  enough 
to  prevent  bottoming.  To  avoid  breaking  off  the  stud  at  the 
shoulder,  a  neck,  or  groove,  may  be  made  at  the  lower  end  of  the 
thread  entering  the  nut. 

To  withstand  shearing  forces  the  bolts  must  be  fitted  so  that 
no  lost  motion  may  occur,  otherwise  pure  shearing  will  not  be 
secured. 

Nuts  are  generally  made  hexagonal,  but  for  rough  work  are 
often  made  square.  The  hexagonal  nut  allows  the  wrench  to  turn 
through  a  smaller  angle  in  tightening  up,  and  is  preferred  to  the 
square  nut.  Experiments  and  calculations  show  that  the  height 
tif  the  nut  with  standard  threads  may  be  about  i  the  diameter  of 
the  bolt  and  still  have  the  shearing  strength  of  the  thread  equal  to 
the  tensile  strength  of  the  bolt  at  the  root  of  the  thread.  Practi- 
cally, however,  it  is  difficult  to  apply  such  a  thin  wrench  as  this 
proportion  woiild  call  for  on  ordinary  bolts.  More  commonly  the 
height  of  the  nut  is  made  equal  to  the  diameter  of  the  bolt  so  that 
the  length  of  thread  will  guide  the  nut  on  the  bolt,  give  a  low 
bearing  pressure  on  the  threads,  and  enable  a  suitable  wrench  to 
be  easily  applied.  The  standard  proportions  for  bolts  and  nuts 
may  be  found  in  any  handbook.  Not  all  manufacturers  conform 
to  the  United  States  standard;  nor  do  manufacturers  in  all  cases 
conform  to  one  another  in  practice. 

If  the  bolt  is  subject  to  vibration,  the  nuts  have  a  tendency  to 
loosen.  A  common  method  of  preventing  this  is  to  use  double 
nuts,  or  lock  nuts,  as  they  are  called  (see  Fig.  55  A).  The  under 
nut  is  screwed  tightly  against  the  surface,  and  held  by  a  wrench 
while  the  second  nut  is  screwed  down  tightly  against  the  first. 
The  effect  is  to  cause  the  threads  of  the  upper  nut  to  bear  against 
the  under  sides  of  the  threads  of  the  bolt.  The  load  on  the  bolt  is 
sustained  therefore  by  the  upper  nut,  which  should  be  the  thicker 
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of  the  two  ;  but  for  convenience  in  applying  wrenches  the  ])Osition 
of  the  nuts-  is  often  reversed. 

The  form  of  thread  adapted  to  transmitting  power  is  the 
s(juare  thread,  which,  although  giving  less  Inirsting  pressure 
on  the  nut,  is  not  as  strong  as  the  V  thread  for  a  given  length, 
since  the  tf)tal  section  of  thread  at  the  bottom  is  only  i  as  great. 
If  the  pressure  is  to  be  transmittt^d   in    but   one  direction,  the  two 


K-P  —I 


types  may  be  combined  advantageously  to  form  the  buttress  thread 
of  the  proportions  shown  in  Fig.  50.  Often,  as  in  the  carriage  of 
a  lathe,  to  allow  the  split  nut  to  be  opened  and  closed  over  the  lead 
screw,  the  sides  of  the  thread  are  placed  at  a  small  angle,  say  1J5', 
to  each  other,  as  illustrated  in  Fig.  GO. 

The  practical  commercial  forms  in  which  we    find  screwed 
fastenings  are  included  in  live  classes,  as  follows: 


Fig.  60. 

1.  Through  bolts  (Fig,  61),  usually  rough  stock,  with  square 
upset  heads,  and  square  or  hexagonal  nuts. 

2.  Tap  bolts  (Fig.  C2),  also  called  cap  screws.  These  usu- 
ally have  hexagonal  heads,  and  are  found  both  in  the  rougli  form, 
and  finished  from  the  rolled  hexagonal  bar  in  the  screw  machine. 

3.  Studs  (Fig.  03j,  rough  or  finished  stock,  threaded  in  the 
screw  machine. 

4.  Set  screws  (Fig.  64),  usually  with  square  heads,  and 
case-hardened  points.     Many  varieties  of  set  screws  are  made,  the 
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principal  distinguishing  feature  of  each  being  in  the  shape  of  the 
point.  Tims,  iu  addition  to  the  plain  beveled  point,  wo  find 
the  ''  cupped,"  rounded,  conical,  and  "  teat "  points. 


Fig.  61.  Fig.  62.  Fig.  G3. 

5.  Machine  screws  (Fig.  64*/),  usually  round,  "  button," 
or  countersunk  head.  Common  proportions  are  indicated  relative 
to  diameter  of  body  of  screw. 


Fig.  64. 

PROBLEnS  ON  BOLTS,  STUDS,  NUTS,  AND  SCREWS. 

1.     Calculate    the    diameter   of    a   bolt    to  sustain  a  load  of 
5,000  lbs. 
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2.  The  shearing  force  to  be  resisted  by  each  of  the  bolts  of  a 
flange  coupling  is  1,200  lbs.  What  commercial  size  of  bolt  is 
required  ? 

3.  With  a  wrench  It!  times  the  diameter  of  the  l)oU,  and  an 
efficiency  of  10  per  cent,  what  axial  load  can  a  man  exert  on  a 
standard  |-inch  bolt,  if  he  [)ulls  40  lbs.  at  the  end  of  the  wrench 
handle  ? 

4.  A  single,  square-threaded  screw  i)f  diameter  2  inches, 
lead  ^  inch,  depth  of  thread  }^  inch,  length  of  nut  3  inches,  is  to 
be  allowed  a  bearing  jjressure  of  300  lbs.  per  square  inch.  What 
axial  load  can  be  carried  i 

5.  Calculate  tlit-  shearing  stress  at  the  root  of  \]\>-  tlifml  in 
problem  4. 


J-i^l — 1 


Fig.  CAa. 

KEYS,  PINS,  AND  COTTERS. 

NOTATION— The  foUowlng  notation  is  used  throughout  the  chapter  on  Keys.  Pins,  and 
Cotters: 


D  =  Average  diameter  of  rod  (Inches). 
Dt  =  Outside  diameter  of    socltet  (In- 

c'les). 
d    =  Diameter  of  .shaft  (inches). 
I>  =  IL.ength  of  key  (inches). 
P   =  Driving  force  (lbs.). 
Pi  =  Axial  load  on  rod  (lbs.). 
R  =  Radius  at  which  P  acts  (Inches). 
Sc  =  Safe  crushing  fiber  stress  (lbs. 

per  sq.  in.). 


sr  =  Safe  shearing  fiber  stress  (lbs.' 
per  sq.  in.). 

Si  =Safe  tensile  fiber  stress  (lbs.  per 
sq.  in.). 

T  =  Thickness  of  key  (Inches). 

W  =  W'ldth  of  key  (inches). 

!/'  =  Average  width  of  cotter  (inches). 

?';i  =  End  of  slot  to  end  of  rod  (inches). 

»'?  =  End  of  slot  to  end  of  socket  (In- 
ches). 


KEYS  AND  PINS. 
ANALYSIS.     Keys    and    pins    are    used   to  prevent   relative 
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rotarj  motion  between  machine  parts  intended  to  act  together  as 
one  piece.  If  'we  drill  completely  through  a  hub  and  across  the 
shaft,  and  insert  a  tightly  fitted  pin,  any  rotary  motion  of  the  one 
will  be  transmitted  to  the  other,  provided  the  pin  does  not  fail  by 
shearing  off  at  the  joint  between  the  shaft  and  the  hub.  The 
shearing  area  is  the  sum  of  the  cross-sections  of  the  pin  at  the 
joint. 

We  may  drill  a  hole  in  the  joint,  the  axis  of  the  hole  being 
parallel  to  the  axis  of  the  shaft,  and  drive  in  a  pin,  in  which  case 
we  introduce  a  shearing  area  as  before,  but  the  area  is  now  equal 
to  the  diameter  of  the  pin  multiplied  by  its  length,  and  the  pin  is 
stressed  sidewise,  instead  of  across.  It  is  evident  in  the  sidewise 
case  that  we  may  increase  the  shearing  area  to  anything  we  please, 
without  changing  the  diameter  of  the  pin,  merely  by  increasing 
the  length  of  the  pin. 

As  there  are  some  manufacturing  reasons  why  a  round  pin 
placed  lengthwise  in  the  joint  is  not  always  applicable,  we  may 
make  the  pin  a  rectangular  one,  in  which  case  it  is  called  a  key. 

When  pins  are  driven  across  the  shaft  as  in  the  first  instance, 
they  are  usually  made  taper.  This  is  because  it  is  easier  to  ream 
a  taper  hole  to  size  than  a  straight  hole,  and  a  taper  pin  will  drive 
more  easily  than  a  straight  pin,  it  not  being  necessary  to  match  the 
hole  in  hub  and  shaft  so  exactly  in  order  that  the  pin  may  enter. 
The  taper  pin  will  draw  the  holes  into  line  as  it  is  driven,  and  can 
be  backed  out  readily  in  removal. 

Keys  of  the  rectangular  form  are  either  straight  or  tapered, 
but  for  different  reasons  from  those  just  stated  for  pins.  Straight 
keys  have  working  bearing  only  at  the  sides,  driving  purely  by 
shear,  crushing  being  exerted  by  the  side  of  the  key  in  both  shaft 
and  hub,  over  the  area  against  the  key.  The  key  itself  does  not 
prevent  end  tnoti(m  along  the  shaft;  and  if  end  motion  is  not 
desired,  auxiliary  means  of  some  sort  must  be  resorted  to,  as,  for 
example,  set  screws  through  the  hub  jamming  hard  against  the  top 
of  the  key. 

If  end  motion  along  the  shaft  is  desired,  the  key  is  called  a 
spline,  and,  while  not  jammed  against  the  shaft,  is  yet  prevented 
from  changing  its  relation  to  the  hub  by  some  means  such  as 
illustrated  in  Fig.  65. 
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Taper  keys  not  only  drive  through  sidewise  shearing  strength, 
but  prevent  endwise  motion  by  the  wedging  action  exerted  between 
the  shaft  and  hub.  These  keys  drive  more  like  a  strut  from  corner  to 
corner;  but  this  action  is  incidental  rather  than  intentional,  and  the 
proportions  of  a  taper  key  should  be  such  that  it  will  give  its  full 
resisting  area  in  shearing  and  crushing,  the  same  as  a  straight  key. 


Fig.  65. 

THEORY.     Suppose  that  the  pin  illustrated  in  Fig.  66  passes 

through  hub  and  shaft,  and  the  driving  force  P  acta  at  the  radius 

R;  then  the  force  which  is  exerted  at  the  surface  of  the  shaft  to 

2  PR 
shear  off  the  pin  at  the  points  A  and  B  is   — -j — .    If  Dj  is  the 

average  diameter  of  the  pin,  its  shearing  strength  is    ? — '—. 

Equating  the  external  force  to  the  internal  strength,  we  have : 

27rD,^  S. 


2PR 


D,  =  V 


4FR 


(•03) 


In  Fig.  67  a  rectangular  key  is  sunk  half  way  in  hub  and 
shaft  according  to  usual  practice.     Here  the  force  at  the  surface 
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of  tlie  shaft,  calculated  the  same  as  before,  not  only  tends  to  shear 
off  the  key  aloni^  the  line  AB,  but  tends  to  crush  both  the  por- 
tion in  the  shaft  and-  in  the  hub.     The  shearing  strength  along  the 


line  AB  is  LWS, 
we  have: 


Fig.  67. 
Equating  external  force  to  internal  strength, 


2FR 


=  LWS, 

2FR 
dLH' 


(I04) 


The  crushing  strength  is,  of  course,  that  due  to  the  weaker 
metal,  whether  in  shaft  or  hub.     Let  S^  be  this  least  safe  crushing 


fiber  stress.     The  crushing  strength  then  is 
external  force  to  internal  strength,  we  have: 

2PR      LT 

IT  "~  "2"  ^"^  ■' 

4PR 


LT 


T  = 


dLS^ 


S^,  and,  equating 


(I05) 


The  proportions  of  the  key  must  be  such  that  the  equations  as 
above,  both  for  shearing  and  for  crushing,  shall  be  satisfied. 

PRACTICAL  MODIFICATION.  Pins  across  the  shaft  can  be 
used  to  drive  light  work  only,  for  the  shearing  area  cannot  be  very 
large.  A  large  pin  cuts  away  too  much  area  of  the  shaft,  decreas- 
ing the  latter's  strength.  Pins  are  useful  in  preventing  end  motion, 
but  in  this  case  are  expected  to  take  no  shear,  and  may  be  of  small 
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diameter.     The  common    split  pin  is  especiailj'    adapted  to  this 
service,  and  is  a  standard  commercial  article. 

Tajier  pins  are  usually  listed  according  to  the  Mors(^  standard 
ta|)er,  proportions  of  which  may  he  found  in  any  handbook.  It 
is  desirable  to  use  standard  taper  pins  in  machine  construction,  as 
the  reamers  are  a  commercial  article  of  accepted  value,  and  n-adily 
obtainable  in  the  machine-tool  market. 

"With  properly  fitted  keys,  the  shearing  strength  is  usually 
the  controlling  element.  For  shafts  of  ordinary  size,  the  standard 
proportions  as  given  in  tables  like  that  below  are  safe  enough 
without  calculation,  up  to  the  limit  of  torsional  strength  of  the 
shaft.  For  special  cases  of  short  hubs  or  heavy  loads,  a  calcula- 
tion is  needed  to  check  the  size,  and  perhaps  modify  it. 

Splines,   also    known    as    "feather   keys,"  require  thickness 
greater  than  regular  keys,  on  account  of  the 
sliding  at  the  sides.     A  table  suggesting 
proportions  for  splines  is  given  on  page  16t). 

Though  the  spline  may  be  either  in  the 
shaft  or  hub,  it  is  the  more  usual  thing  to 
find  the  spline  dovetailed  (Fig.  67^?), 
"  gibbed,"  or  otherwise  fastened  in  the 
hub;  and  a  long  spline  way  made  in  the 
shaft,  in  which  it  slides. 

The  straight  key,  accurately  fitted,  is  Fig.  67a. 

the  most  desirable  fastening  device  for  ac- 
curate machines,  such  as  machine  tools,  on  account  of  the  fact  that 
there  is  absolutely  no  radial  force  exerted  to  throw  the  parts  out  of 
true.     It,  however,  requires  a  tight  fit  of  hub  to  shaft,  as  the  key 
cannot  be  relied  upon  to  take  up  any  looseness. 

The  taper  key  (Fig.  68),  by  its  wedging  action,  will  take  up 
some  looseness,  but  in  so  doing  throws  the  parts  out  slightly. 
Or,  even  if  the  bored  fit  be  good,  if  the  taper  key  be  not  driven 
home  with  care,  it  will  spring  the  hub,  and  make  the  parts  run 
untrue.  The  great  advantage,  however,  that  the  taper  key  has  of 
holding  the  hub  from  endwise  motion,  renders  it  a  very  useful 
and  practical  article.  It  is  usually  provided  with  a  head,  or  "  gib," 
which  permits  a  draw  hook  to  be  used  to  wedge  between  the  face 
of  the  hub  and  the  key  to  facilitate  starting  the  key  from  its  seat. 
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Two  keys  at  90'  from  each  other  may  be  used  in  eases  where 
one  key  will  .not  suffice.  The  tine  workmanship  involved  in 
spacing  these  keys  so  that  they  will  drive  ecjually  makes  this  plan 
inadvisable  except  in  case  of  positive  and  unavoidable  necessity. 

The  "Woodruff"'  key  (Fig.  69)  is  a  useful  patented  article 
for  certain  locations.     This  key  is  a  half-disc,  sunk  in  the  shaft 


t        It]        - 

^TAPER    ^ 

PER  FT. 

f      ^i     '                                        1 

Fig.  68. 

and  the  hub  is  slipped  over  it.  A  simple  rotary  cutter  is  dropped 
into  the  shaft  to  produce  the  key  seat;  and  on  account  of  the 
depth  in  the  shaft,  the  tendency  to  rock  sidewise  is  eliminated, 
and  the  drive  is  purely  by  shear. 

Keys  may  be  milled  out  of  solid  stock,  or  drop-forged  to 
within  a  small  fraction  of  finished  size.  The  drop-forged  key  is 
an    excellent    modern    production   and  requires    but  a  minimum 


Fig.  69. 

amount  of  fitting.  Any  key.  no  matter  how  produced,  requires 
.'some  hand  fitting  and  draw  filing  to  bring  it  j)roperly  to  its  seat 
and  give  it  full  bearing. 

It  is  good  mechanical  policy  to  avoid  keyed  fastenings 
whenever  possible.  This  does  not  mean  that  keys  may  never  be 
used,  but  that  a  key  is  not  an  ideal  way  to  produce  an  absolutely 
positive  drive,  partly  because  it  is  an  expensive  device,  and  partly 
because  the  tendency  of  any  key  is  to  work  itself  loose,  even  if 
carefully  fitted. 

The  following  tables  are  suggested  as  a  guide  to  proportions 
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of  ^\h  keys  and  feather  keys,  and   will  be  found   useful   in  the 
absence  of  any  raanufaeturer's  standard  list: 

Fig.  70.     PROPORTIONS  FOR  QIB  KEYS. 


Diameter  of  shaft  (d),  inches. 
Width  (W),  inches. 

Thickness  (T),  inches. 
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Fig.  71.  PROPORTIONS  FOR  FEATHER  KEYS. 


Diameter  of  Shaft   (d),  inches, 
Width  (W),  inches. 

Thickness  (T),  inches. 
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COTTERS. 

ANALYSIS.  Cotters  are  used  to  fasten  bubs  to  rods  rather 
than  shafts,  the  distiuctirtu  between  a  rod  and  a  shaft  being  that 
a  rod  takes  its  load  in  the  direction  of  its  length,  and  does  not 
drive  by  rotation.  A  cotter,  therefore,  is  nothing  but  a  cross-pin 
of  modified  form,  to  take  shearing  and  crushing  stress  in  the 
direction  of  the  axis  of  the  rod,  instead  of  perpendicular  to  it. 

Referring  to  Fig.  72,  one  will  see  that  the  cotter  is  made 
long  and  thin — long,  in  order  to  get  sufficient  shearing  area  to  resist 
shearing  along  lines  A  and  13;  thin,  in  order  to  cut  as  little  cross- 
sectional  area  out  of  the  body  of  the  shaft  as  possible.  The  cotter 
itself  tends  to  shear  along  the  lines  A  and  B,  and  crush  along  the 
surfaces  K,  G,  and  J.  The  socket  tends  to  crush  along  the  surfaces 
K  and  G.  The  rod  end  D  tends  to  be  sheared  out  along  the  lines 
0  H  and  Q  E,  and  also  to  be  crushed  along  the  surface  J.  The 
socket  tends  to  be  sheared  along  the  lines  V  U  and  X  Y. 

The  cotter  is  made  taper  on  one  side,  thus  enabling  it  to  draw 
up  the  flange  of  the  rod  tightly  against  the  head  of  the  socket. 
This  taper  must  not  be  great  enough  to  permit  easy  "backing  out" 
and  loosening  of  the  cotter  under  load  or  vibration  in  the  rod.  In 
responsible  situations  this  cannot  be  safely  guarded  against  except 
through  some  auxiliary  locking  device,  such  as  lock  nuts  on  the 
i-nd  of  the  cotter  (Fig.  73). 

THEORY.  Referring  to  Fig.  72,  assume  an  axial  load  of  P,, 
as  shown.     The  successive  equations  of  external  force  to  internal 
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strength  are  omiinerati'd   below,  for   the  diirerent  actions  that  take 
place: 

For  shearing    along   lines   A  and  E,  //'    being    the    average 
width  of  cotter,  and  S^  safe  shearing  stress  of  cotter, 


Pi  =  21  w% 


(io6) 


i 


Mi 


■:m 


r,-.^.W^ 


fm 


I  "U) 


Fifj.  72. 


For  crushing  along  surfaces   K  and  G,  8^  being   least   safe 
crushing  stress,  whether  of  cotter  or  socket. 


P,  =  T(I)i-D)S, 


(I07) 


For  crushing  along  surface  J,  S„   being  least  safe  crushing 
stress,  whether  of  cotter  or  socket, 


Pi  =  DTS, 


(io8) 


168 


MACHINE  DESIGN 


For  shearing  along  surfaces  ClI  and  QE,  S,  being  safe  sbea/ 
ing  stress  of  rod  end,  and  w,  end  of  slot  to  end  of  rod, 

Pi  =  2«.iDS,.  (,09) 

For  tension  in  rod  end  at  section   across  slot,  S,  being  safe 
tensile  stress  in  rod  end, 


■77-D' 
Pl=:(^-TD)S, 


(no) 


For  tension  in  socket  at  section  across  slot,  S,  being  safe  ten. 
sile  stress  in  socket. 

For  shearing  in  socket  along  the  lines  W  and  XY,  S,  being 
safe  shearing  stress  in  the  socket,  and  w^  end  of  slot  to  end  of 
socket, 

rj  =  2//-,(D,-D)S,.  (H2) 

The  proportions  of  cotter  and   socket   may   be   fixed   to  some 

extent  by  practical  or  as 
sumed  conditions.  The  di- 
mensions may  then  be  tested 
by  the  above  equations,  that 
the  safe  working  stresses  may 
not  be  exceeded,  the  dimen- 
sions being  then  modified  ac- 
cordingly. 

The  steel  of  which  both 
cotter  and  rod  would  ordina- 
rily be  made  has  range  of 
working  fiber  stress  as 
follows  : 

Tension,  8,fKJ0  to  12,000  (lbs.  pal 

s(|.  in.) 
Compression,  10,000  to  16,000  (lbs. 

per  sq.  in.) 
Shear,  6,000  to  10,000  (lbs.  per 

sq.  in.) . 

The  socket,    if  made   of 
cast  iron,  will  be  weak  as  regards  tension,  tendency  to  shear  out  at 


Fig.  73. 
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the  eiul.  and  tendency  to  split.  The  uncertainty  of  cast  iron  to 
resist  these  is  so  great  that  the  hub  or  socket  must  be  rery  clumsy 
in  order  to  have  enough  surplus  strength.  This  is  always  a  notice- 
able feature  of  the  cotter  type  of  fastening,  and  cannot  well  be 
avoided. 

PRACTICAL  MODIFICATION.  The  driving  faces  of  the  cot- 
ter are  often  made  semicircular.  This  not  only  gives  more  shear- 
ing area  at  the  sides  of  the  slots,  but  makes  the  production  of  the 
slots  easier  in  the  shop.  It  also  avoids  the  general  objection  to 
sharp  corners — namely,  a  tendency  to  start  cracks. 

A  practicable  taper  for 
cotters  is  i  inch  per  foot. 
This  will  under  ordinary 
circumstances  prevent  the 
cotter  from  backing  out 
under  the  action  of  the  load. 
When  set  screws  against 
the  side  of  the  cotter,  or 
lock  nuts  are  used,  as  in 
Fig.  73,  the  taper  may  be 
greater  than  this,  perhaps 
as  much  as  1^  inches  per 
foot. 

In  the  common  use  of 
the  cotter  for  holding  the 
strap  at  the  ends  of  con- 
necting rods,  the  strap  acts  like  a  modified  form  of  socket.  This  is 
shown  in  Fio-s.  73  and  7i.  Here,  in  addition  to  holding  the  strap 
and  rod  together  lengthwise,  it  may  be  necessary  to  prevent  their 
spreading,  and  for  this  purpose  an  auxiliary  piece  G  with  gib  ends 
is  used.  The  tendency  without  this  extra  piece  is  shown  by  the 
dotted  lines  in  Fig.  74. 

The  general  mechanical  fault  with  cottered  joints  is  that  the 
action  of  the  load,  especially  when  it  constantly  reverses,  as  in 
pump  piston  rods,  always  tends  to  work  the  cotter  loose.  Vibra- 
tion also  tends  to  produce  the  same  effect.  Once  this  looseness  is 
started  in  the  joint,  the  cotter  loses  its  pure  crushing  and  shearing 
action,  and  begins  to  partake  of  the  nature    of  a    hammer,  and 


Fig.  74. 
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pounds  itself  and  its  bearing  surfaces  out  of  their  true  shape. 
Instead  of  a  collar  on  the  rod,  we  often  find  a  taper  fit  of  tho  rod 
in  the  socket;  and  any  looseness  in  this  case  is  still  worse,  for  the 
rod  then  has  end  play  in  the  socket,  and  by  its  "  shucking"  back 
and  forth  tends  to  sjilit  oj)en  the  socket. 

The  only  answer  to  these  oljjections  is  to  jirovide  a  positiv*! 
locking  device,  and  take  up  any  ioofenesss  the  instant  it  appears. 

PROBLEMS  ON  KEYS,  PINS,  AND  COTTERS. 

1.  Calculatethe  safe  load  in  shearwhich  can  be  carriedon  a  key 
i  inch  wide,  j|  inch  thick,  and  5  inches  long.     Assume  S^  =  0,000. 

2.  Assuming  tlie  above  key  to  be  ^\  inch  in  hub  and  ^\  inch 
in  shaft,  test  its  proportions  for  crushing,  at  S^  =  10,000. 

3.  A  gear  00  inches  in  diameter  has  a  load  of  3,000  lbs.  at 
the  pitch  line.  The  shaft  is  4  inches  in  diameter,  in  a  hub, 
5  inches  long;  and  the  key  is  a  standard  gib  key  as  given  in  the 
table.     Test  its  proportions  for  shearing. 

4.  A  piston  rod  2  inches  in  diameter  carries  a  cotter  2  inch 
thick,  and  has  an  axial  load  of  20,000  lbs.  {'alcuhite  the  average 
width  of  the  colter.     S^  =  0,000. 

5.  Calculate  fiber  stress  in  rod  in  preceding  problem  at 
section  through  slot. 

6.  How  far  from  the  end  of  rod  must  the  end  of  slot  be  ? 

7.  Calculate  the  crushing  fiber  stresses  on  cotter,  rod,  and 
socket. 

8.  How  far  from  the  end  of  socket  must  the  end  of  slot  be, 
assuming  the  socket  to  be  of  steel  ? 

BEARINGS,  BRACKETS,  AND  STANDS. 

NOTATION— The  following;  notation  is  iispd  ihroughoiit  the  chapters  on  Hearings 
Brackets,  and  Stands. 

A  =  Area  (square  inches).  W  =Number  of  revoiutions  per  minute. 

a  ~  Distance  between  bolt  centers  n  =  Number  of  bolts  in  cap. 

(inches).  n\=  Number  of  bolts  In  bracket  ba.sc. 

6  =  Width  of  bracket  base  (inches).  P  =  Total  pressureon  bearing  (lbs.). 

c  =  Distanceof  neutral  axis  from  outer  p  —  Pressure  per  square   inch  of  pro- 

flber  (inches).  jected  area  (lbs). 

D  =  Diameter  of  shaft  (inches).  -S  =  Safe  tensile  fiber  stress  (lbs.). 

d  —  Diameter  of  bolt  body  (Inches).  Ss  =    "     shearing      •'  (lbs.). 

iJ\=  Diameterat  root  of  thread  (inches).  T  =  Total  load  on  bolts  at  top  of 
H  =  Horse-power.  bracket  (lbs.). 

A  =  Thickness  of  cap  at  center  (inches).  t   =  Thickness  of  bracket  base  (inches). 

I  =  Moment  of  inertia.  x  =  Distance  from  line  of  action  of  load 
Length  of  bearing  (inches).  to  any  section  of  bracket(lnche8). 


^L=  CkjefHcient  of  friction  (percent). 
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ANALYSIS.  Machine  surfaces  taking  weight  and  pressure 
of  other  parts  in  motion  upon  them  arc,  in  general,  known  as 
bearings.  If  the  motion  is  rectilinear,  the  bearing  is  termed  a 
slide,  guide,  or  way,  such  as  the  cross  slide  of  a  lathe,  the  cross- 
head  guide  of  a  steam  engine,  or  the  ways  of  a  lathe  bed. 

If  the  motion  is  a  rotary  one,  like  that  of  the  spindle  of  a  lathe, 
the  simple  word  "  bearing  "  is  generally  used. 

In  any  bearing,  sliding  or  rotary,  there  must  be  strength  to 
carry  the  load,  stiffness  to  distribute  the  pressure  evenly  over  the 
full  bearing  surface,  low  intensity  of  such  pressure  to  prevent  the 
lubricant  from  being  squeezed  out  and  to  minimize  the  wear,  and 
sufficient  radiating  surface  to  carry  away  the  heat  generated  by 
friction  of  the  surfaces  as  fast  as  it  is  generated.  Sliding  bearings 
are  of  such  varied  nature,  and  exist  under  conditions  so  peculiar 
to  each  case,  that  a  general  analysis  is  practically  impossible 
beyond  that  given  in  the  sentence  above. 

Rotary  bearings  can  be  more  definitely  studied,  as  there  are 
but  two  variable  dimensions,  diameter  and  length,  and  it  is  the 
proper  relation  between  these  two  that  determines  a  good  bearing. 
The  size  of  the  shaft,  as  noted  under  "  Shafts,"  is  calculated  by 
taking  the  bending  moment  at  the  center  of  the  bearing,  combin- 
ing it  with  the  twisting  moment,  and  solving  for  the  diameter 
consistent  with  the  assumed  fiber  stress.  But  this  size  must  then 
be  tried  for  deflection  due  to  the  bending  load,  in  order  that  the 
requirement  for  stiffness  may  be  fulfilled.  "When  this  is  accom- 
plished, the  friction  at  the  bearing  surface  may  still  generate  so 
much  heat  that  the  exDOsed  surface  of  the  bearing  wiii  not  radiate 
it  as  fast  as  generated,  in  which  case  the  bearing  gets  hotter  and 
hotter,  until  it  finally  burns  out  the  lubricant  and  melts  the  lining 
of  the  bearing,  and  ruin  results. 

The  heat  condition  is  usually  the  critical  one,  as  it  is  very 
easy  to  make  a  short  bearing  which  is  strong  enough  and  amply 
stiff  for  the  load  it  carries,  but  which  nevertheless  is  a  failure  as 
a  bearing,  because  it  has  so  small  a  radiating  surface  that  it  can- 
not run  cool. 

The  side  load  which  causes  the  friction  and  the  consequent 
development  of  heat,  is  due  to  the  pull  of  the  belt  in  the  case  of 
pulleys,  the  load  on  the  teeth  of  gears,  the  puli  on  cranks  and 
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levers,  the  weight  of  parts,  etc.  If  we  could  exert  pure  torsion  on 
shafts  without  any  side  pressure,  and  counteract  all  the  weight 
that  conies  on  the  shaft,  we  should  not  have  any  trouble  with  the 
development  of  heat  in  bearings;  in  fact,  there  would  theoretically 
be  no  need  of  bearings,  as  the  shafts  would  naturally  syiin  about 
their  axes,  and  would  not  need  support. 

It  can  be  shown,  theoretically,  that  the  radiating  surface  of  a 
bearing  increases  relatively  to  the  heat  generated  by  a  given  side 
load,  ovlij  irhcn  the  length  of  the  hearinij  is  hicredsed.  In  other 
words,  increasing  the  diameter  and  not  the  length,  theoretically 
increases  the  heat  generated  per  unit  of  time  just  as  niuch  as  it 
iticreases  the  radiating  surface;  henco  nothing  is  gained,  and  heat 
accumulates  in  the  bearing  as  before.  This  important  fact  is  veri- 
fied by  the  design  of  high-speed  l>earings,  which,  it  is  always 
noted,  are  very  long  in  proportion  to  their  diameter,  thus  giving 
relatively  high  radiating  power. 

Bearings  must  be  rigidly  fastened  to  the  body  of  the  machine 
in  some  way,  and  the  immediate  support  is  termed  a  bracket, 
frame,  or  housing.  "Bracket"  is  a  very  general  term,  and  ap- 
plies to  the  supports  of  other  machine  parts  besides  "bearings." 
It  is  especially  apj)licable  to  the  more  familiar  types  of  bearing 
suj)ports,  and  is  here  introduced  to  make  the  analysis  complete. 

The  bracket  must  be  strong  enough  as  a  beam  to  take  the 
side  load,  the  bending  moment  being  figured  at  such  points  as  are 
necessary  to  determine  its  outline.  It  may  be  of  solid,  box,  or 
ribbed  form,  the  latter  being  tlie  most  economical  of  material,  and 
usually  permitting  the  simplest  pattern.  The  fastening  of  the 
bracket  to  the  main  body  of  the  machine  must  be  broad  to  give 
stability;  the  bolts  act  partly  in  shear  to  keep  the  bracket  from 
sliding  along  its  base,  and  partly  in  tension  to  resist  its  tendency 
to  rotate  about  some  one  of  its  edges,  due  to  the  side  pull  of  the 
belt,  gear  tooth,  or  lever  load,  as  the  case  may  be.  The  weight  of 
the  bracket  itself  and  of  the  parts  it  sustains  through  the  bearing, 
has  likewise  to  be  considered;  and  this  acts,  in  conjunction  with 
the  working  load  on  the  bearing,  to  modify  the  direction  and 
magnitude  of  the  resultant  load  on  the   bracket   and  its  fastening. 

Stands  are  forms  of  brackets,  and  are  subject  to  the  same 
analysis.     The  distinction  is  by  no  means  well  defined,  although 
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we  usually  think  more  readily  of  a  stand  as  having  an  upright  or 

inverted    position  with  reference  to  the    ground.     The    ordinary 

'•  hanger  "  is  a  gootl  example  of  an  inverted  stand;  and  the  regular 

•■  floor  stand,"  found  on  jack  shafts  in  some  power  houses,  is  an 

example  of  the  general  class. 

THEORY.     As  the  naethod  of  calculation  oi  the  diameter  of 

the   shaft,  as  well  as  its  deflection,    has  been  -considered  under 

"  Shafts,"  we  may  assume  that  the  theoretical  study  of  bearings 

starts  on  a  given  basis  of  shaft  diameter  I).     The  main  problem 

then  being  one  of  heat  control,  let  us  first  calculate  the  amount  of 

heat  developed  in  a  bearing  by  a  given  side  load.     The  force  of 

friction  acts  at  the  circumference  of  the  shaft,  and  is  equal  to  the 

coetticient  of  friction  times  the  normal  force;  or,  for  a  given  side  load 

P,  Fig.  75,  the  force  of  friction 

would  be  ju,P.     The  peripheral 

speed  of  the  shaft  f or  N  revolu- 

.    ttDN     , 
tions  per  minute  is  — ^^     feet 

per  minute.     As  work  is  '-force 
times  distance,"  the  Mork  wasted 

....  .  ,  uPttDN  ^ 
in  friction  is  then  — t-T) foot- 
pounds per  minute.  One  horse- 
power being  e(|ual  to  38,000  foot- 
pounds per  minute,  we  have  the 
equation, 


P 

y^'^       ^v 

^ 

Vl"!  1  li 

) 

Fig. 


H  = 


/iPttDN 

12  X  33,000 ' 


(••3) 


The  value  of  /a  for  ordinary,  well-lubricated  bearings,  may  run  as 
low  as  5  per  cent;  but  as  the  lubrication  is  often  impaired,  it 
quite  commonly  rises  to  10  or  12  per  cent.  A  value  of  8  per  cent 
is  a  fair  average.  This  amount  of  horse-power  is  dissipated 
through  the  bearing  in  the  form  of  heat.  If  we  could  exactly 
determine  the  ability  that  each  particle  of  the  metal  around  the 
shaft  had  to  transmit  the  heat,  or  to  pass  it  along  to  the  outside 
of  the  casting,  and  if  we  could  then  determine  the  ability  of  the 
particles  of  air  surrounding  the  casting  to  receive  and  carry  away 
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this  heat,  we  could  calculate  just  such  proportions  of  the  bearing 
and  its  casing  as  would  never  choke  or  retard  this  free  transfer  of 
heat  away  from  the  running  surface. 

Such  refined  theory  is  not  practical,  owing  to  tlie  complicated 
shapes  and  conditions  surrounding  the  bearing.  The  best  that  we 
can  do  is  to  say  that  for  the  usual  proportions  of  bearings  the  side 
load  may  exist  up  to  a  certain  intensity  of  "pressure  per  square 
inch  of  jirojeeted  area  "  of  bearing,  or,  in  form  of  an  equation, 

r=^'LD.  („4) 

The  constant ^>  is  of  a  variable  nature,  depending  on  lubrication, 
speed,  air  contact,  and  other  special  conditions.  For  ordinary 
bearings  having  continuous  pressure  in  one  direction,  and  only 
fair  lubrication,  400  to  500  is  an  average  value.  When  the  j)re8- 
sure  changes  direction  at  every  half-revolution,  the  lubricant  has 
a  better  chance  to  work  fully  over  the  bearing  surface,  and  a 
higher  value  is  permissible,  say,  500  to  800.  In  locations  where 
mere  oscillation  takes  place,  not  continuous  rotation,  and  reversal 
of  pressure  occurs,  as  on  the  cross-head  pin  of  a  steam  engine,  p 
may  run  as  high  as  900  to  1,200.  On  the  crank  pins  of  locomo- 
tives, which  have  the  reversal  of  pressure,  and  the  benefit  of  high 
velocity  through  the  air  to  facilitate  cooling,  the  |)ressures  may  run 
equally  high.  On  the  eccentric  crank  pins  of  punching  and  shear- 
ing machines,  where  the  pressure  acts  only  for  a  brief  instant  and 
at  intervals,  the  pressure  ranges  still  higher  without  any  dangerous 
heating  action. 

When  a  bearing,  for  practical  reasons,  is  provided  with  a  cap 
held  in  place  by  bolts  or  studs,  the  theory  of  the  cap  and  bolts  is 
of  little  importance,  unless  the  load  comes  directly  against  the  cap 
and  bolts.  Except  in  the  latter  case,  the  proportions  of  the  cap  and 
the  size  of  the  bolts  are  dependent  upon  general  appearance 
and  utility,  it  being  manifestly  desirable  to  provide  a  substantial 
design,  even  though  some  excess  of  strength  is  thereby  introduced. 

For  the  worst  case  of  loading,  however,  which  is  when  the 
cap  is  acted  upon  by  the  direct  load,  such  as  P  in  Fig.  76,  we  have 
the  condition  of  a  centrally  loaded  beam  supported  at  the  bolts. 
It  is  probable  that  the  beam  is  partially  fixed  at  the  ends  by  the 
clamping  of  the  nut;  also  that  the  load  P,   instead  of  being  con- 
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centraU'd  at  the  center,  is  to  some  extent  distributed.  It  is  hardly 
fair  to  assume  the  external  moment  equal  to  -^  or  —j-— ,  tue  one 
beino;  too  small,  jierhaps.  and  the  other  too  larije.  It  will  be  rea- 
sonable  to  take  the  external  moment  at    -— .  in  whieh  ease,  equat- 


T+- 


lA...-^.. 


Fig.  76. 
ing  tlie  external  moment  to  the  internal  moment  of  rer,istauce, 
Fa       SI       SW  ,       , 

from  whieh,  the  length  of  bearing  being  known,  we   may  calculate 
the  thickness  /«. 

One  bolt  on  each  side  is  sufficient  for  bearings  not  more 
than  G  inches  long,  but  for  longer  bearings  we  usually  find  two 
bolts  on  a  side.  The  theoretical  location  for  two  bolts  on  a  side, 
in  order  that  the  bearing  may  be  equally  strong  at  the  bolts  and 
at  the  center  of  the  length,   may  be  shown  by  the  principles  of 

meclianics    to  be  -^   L  from   each  end,  as  indicated   in    Fig.  76. 

The  bolts  are  evidently  in  direct  tension,  and  if  equally  loaded 
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would  eafh  take  tlu'ir  fractioiiiil  share  of  the  whole  load  P.     This 

2 
is  difficult  to  guarantee,  and  it  is  safer  to  consider  that  —     P  may 

be  taken  by  the  bolts  on  one  side.    On  this  basis,  for  total  number  , 
of  bolts  II,  equating  the  external  force  to  the  internal   resistance  of 
the  bolts,  we  have  : 

-T}-P=   x^x-o-'  (ii6) 

from  which  the  proper  eoniniercial  diameter  niny  be  readily  found. 
The  bracket  may  Lave  the  shape  shown  in  Fig.  77.  The 
portion  at  B  is  under  direct  shearing  stress;  and  if  A  be  the  area 
at  this  point,  and  S,  the  safe  shearing  stress,  then,  etjuatiiig  the 
external  force  to  the  internal  shearing  resistance. 


P  =  AS. 


(i'7) 


The  same  shear  comes  on  all  ]iarls  of  the  bracket  to  the  left  of  the 
load,  but  there  is  an  excess  of  shearing  strength  at  these  points. 

At  the  point  of  fastening,  the  bolts  are  in  shear,  due  to  the 
same  load,  for  which  the  ecjuation  is 

P  =  -^"lSs-  ("8) 

For  the  upper  bolts,  the  case  is  that  of  direct  tension,  assum- 
ing that  the  whole  bracket  tends  to  rotate  about  the  lower  edge  E. 
To  find  the  load  T  on  these  bolts,  we  should  take  moments  about 
the  point  E,  as  follows: 

PT 
PL,=T/;orT=^.  (ug) 

Then,  equating  the  external  force  to  the  internal  resistance, 

T^^^i^^^xfs.  (I20) 

The  upper  flange  is  loaded  with  the  bolt  load  T,  and  tends  to 
break  off  at  the  point  of  connection  lo  the  main  body  of  the 
bracket,  the  external  moment,  therefore,  being  Tr.  The  section 
of  the  flange  is  rectangular;  hence  the  equation  of  external  and  in- 
ternal moments  is: 
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I 


6 


T'-  =  V'-  =  -«-  ('21) 


It  ma>  De  noted  that  the  lower  holts  act  on  such  a  small  leverage 
ahout  E,  that  thev  would  stretch  and  thus  permit  all  the  load  to 
l)e  thrown  on  the  upper  holts;  this  is  the  reason  why  they  are  not 
subject  to  calculation  for  tension. 


-^  e 


1 


tmii- 


_  J 


w 
^1^ 


Fig.  77. 

The  section  of  the  bracket  to  the  left  of  the  load  P  is  depend- 
ent upon  the  bending  moment,  for,  if  this  section  is  large  enough 
to  take  the  bending  moment  properly,  the  shear  may  be  disregard- 
ed. It  should  be  calculated  at  several  points,  to  make  sure  that 
the  fiber  stress  is  within  allowable  limits.  The  general  expression 
for  the  equation  of  moments  is,  for  any  section  at  leverage  a-, 


P.  =  ^, 


(133) 


from  which,  by    the    proper  substitution  of  the   moment  of 
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ertia  of  the  section,  the  fiber  stress  can  be  calculated.  The  mo- 
ment of  inertia  for  simple  ribbed  sections  can  be  found  in  most 
handbooks.    The  process  of  solution  of  the  above  equation,  though 

simple,  is  apt  to  be  tedious, 
and  is  not  considered  neces- 
sary to  illustrate  here. 

PRACTICAL  MODIFI- 
CATION. Adjustment  is  an 
important  practical  feature  of 
beariiifjs.  Unless  the  jjropor 
tions  are  so  ample  that  wear 
is  inapj)reciable,  simple  and 
ready  adjustment  must  be 
provided.  The  taper  bush- 
incr,  Ficr.  79,  is  neat  and  sat- 
isfactory for  machinery  in 
which  expense  and  refinement 
are  permissible.  This  is  true 
of  some  machine  tools,  but  is 
not  true  of  the  general  ••  run  ''  of  i)earings.  The  most  common 
form  of  adjustment  is  secured  by  the  plain  cap  (which  may  or  may 


Fig.  79. 


not  be  toDgued  into  the  bracket),  with  liners  placed  in  the  joint 
when  new,  which  may  subsequently  be  removed  or  reduced  so  as 
to  allow  the  cap  to  close  down  upon  the  shaft.  Several  forms  of 
cap  bearings  are  illustrated  in  Figs.  80,  81,  and  82. 
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Large  engine  shaft  bearings  have  special  forms  of  adjustment 
by  means  of  wedges  and  screws,  whicb  take  up  the  wear  in  all 
direction?,  at  the  same  time  accurately  preserving  the  alignment 
of  the  shafts;  but  this  refinement  is  seldom  required  for  shafts  of 
ordinary  machinery. 

In  cases  where  the  cap  bearing  i^  not  ap|ilical)le,  a  simple 
bushing  may  be  used.     This  may  be   removed  when  worn,  and  a 


Fig.  SO.  Fig.  81. 

new  one  inserted,  the  e.\-act  alignment  being  maintained,  as  the 
outside  will  be  concentric  with  the  original  axis  of  shaft,  regard- 
less  of  the  wear  which  has  taken  place  in  the  bore. 

The  lubrication  of  bearings  is  a  part  of  the  design,  in  that 
the  lubricant  should  be  intro- 
duced at  the  proper  point,  and 
pains  taken  to  guarantee  its  dis- 
tribution to  all  points  of  the  run- 
ning surface.  The  method  of 
lubrication  should  be  so  certain 
that  no  excuse  for  its  failure 
would  be  possible.  Grease  is  a 
successful  lubricator  for  heavy 
loads  and  slow  speeds,  oil  for 
light  loads  and  high  speeds. 

In  order  to  insure  the  lubri-  Fig.  82. 

cant  reaching    the   sliding    sur- 
faces and  entering  between  them,  it  must  be  introduced  at  a  point 
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where  the  pressure  is  moderate,  and  where  the  motion  of  the  jiarts 
will  naturally  lead  it  to  all  jioints  of  the  lu'arin^.  (trooves  and 
fhannels  of  ample  size  assist  in  this  reirani.  A  special  form  of 
beariiig  uses  a  ring  ridinir  on  the  shaft  to  earry  the  oil  constantly 
from  a  small  n-servoir  heneath  the  shaft  nji  to  the  toj),  wliere  it  is 
distrii)uted  along  the  hearing  and  tinally  tlows  haek  to  tin*  reser- 
voir and  is  used  again. 

Tlie  materials  of  which  liearings  are  made  vary  with  the 
serviee  required  and  with  the  refinement  of  the  hearing,  ('ast  iron 
makes  an  excellent  hearing  for  light  loads  and  slow  sjieeds,  ])nt 
it  is  very  ajit  to  '-seize'"  the  shaft  in  case  the  luhrieation  is  in  the 
least  degree  im])aired.  IJronze,  in  its  many  forms  of  density  and 
hardness,  is  extensively  used  for  high-grade  hearings,  but  it  also 
has  little  natural  lubricating  jiower,  and  re(|uires  careful  attention 
to  keep  it  in  good  condition. 

Babbitt,  a  comjiosition  metal,  of  varying  degrees  of  hardness, 
is  the  most  universal  and  satisfactory  material  for  ordinary  hear- 
ings. It  affords  a  cheaj)  method  of  production,  being  poured  in 
molten  form  around  a  mandrel, and  firmly  retained  in  its  casing  or 
shell  through  dovetailed  jjockets  into  which  the  metal  Hows  and 
hardens.  It  requires  no  boring  or  extensive  fitting.  Some 
scraping  to  uniform  bearing  is  necessary  in  most  cases,  but  this  is 
easily  and  cheaply  done.  Babbitt  is  a  duraVjle  material,  and  has 
some  natural  lubricating  power,  so  that  it  has  less  tendency  to 
heat  with  scanty  lubrication  than  any  of  the  materials  previously 
mentioned.  Almost  any  grade  of  bearing  may  be  produced  with 
babbitt.  In  its  finest  form  the  babbitt  is  hammered,  or  pened, 
into  the  shell  of  the  bearing,  and  then  bored  out  nearly  to  size,  a 
slightly  ta])ered  mandrel  being  subsequently  drawn  through,  com- 
pressing the  babbitt  and  giving  a  ])olished  surface. 

A  combination  bearing  of  babbitt  and  bronze  is  sometimes 
used.  In  this  the  bronze  lies  in  strips  from  end  to  end  of  the 
bearing,  and  the  babbitt  fills  in  between  the  strips.  The  shell, 
Deing  of  bronze,  gives  the  required  stiffness,  and  the  babbitt  the 
favorable  miming  quality. 

PROBLEMS  ON  BEARINGS,    BRACKETS,  AND  STANDS. 

1.     The  allowable  pressure  on  a  bearing  is  300  pounds  per 
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s(]uarc  inch  of  y)rojected  area.  What  is  the  required  length  of 
the  hearing  if  the  total  load  is  4,500  pounds  and  the  diameter  is 
3  inches  ? 

2.  Thi^  cross-head  pin  of  a  steam  engine  must  he  2.5  inches 
in  diameter  to  withstand  the  shearing  strain.  If  the  maximum 
])re8sure  is  10,000  pounds,  what  length  should  be  given  to  the  pin  ? 

3.  The  journals  on  the  tender  of  a  locomotive  are  3i  X  "7 
inches.  The  total  weight  of  the  tender  and  load  is  60,000  pounds. 
If  there  are  8  journals,  what  is  the  pressure  per  square  inch  of 
projected  area  ? 

i.  What  horse-power  is  lost  in  friction  at  the  circumference 
of  a  3-inch  bearing  carrying  a  load  of  6,000  pounds,  if  the  number 
of  revolutions  per  minute  is  150  and  the  coefficient  of  friction  is 
assumed  to  be  5  per  cent  ? 

5.  The  cast-iron  bracket  in  Fig.  77  has  a  load  P  of  1,000 
pounds.  Determine  the  fiber  stress  in  the  web  section  at  the  base 
of  the  bracket  if  the  thickness  is  taken  at  ^  inch,  and  L^  =  12 
inches;  ?  =;  20  inches;  k  =  11  inches;  t  =  l  inch. 

6.  Calculate  the  diameter  of  the  bolts  at  the  top  of  the 
bracket. 

7.  Assuming  /•  equal  to  6  inches,  what  is  the  fiber  stress  at 
the  root  of  flange  ? 
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